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FAB LIBRARY FOR THE PREPARATION OF ANT I VEGF AND ANT I RABIES VIRUS FABS 

The present invention relates to the field of molecular biology, in 
5 particular to medical molecular biology. Specific recognition plays an 
important role in modern medical biology. Receptor-ligand interactions, 
immune responses, infections, enzymatic conversions are all based on specific 
recognition between molecules. Of particular interest are specific protein - 
protein interactions, which give a vast array of possibilities to interfere in all 

10 kinds of biological processes. Throughout nature biological processes are found 
with depend on more than one (simultaneous) protein-interaction. At the 
present time it seems that interfering at more than one point in a biological 
process is going to be more effective than a single interference. Particularly in 
antibody therapy it is seen that one (monoclonal) antibody is often not effective 

15 enough for treating a particular disorder and/or disease. Therefore the 
attention of many medical researchers is now focussed on combination 
therapies. Well known examples of combinations of antibodies that are 
presently clinically pursued are for the treatment of non-Hodgkin's lymphoma, 
the combination of the already approved anti-CD20 antibody Rituxan with the 

20 anti-CD22 antibody Epratuzumab from AmGen, and for the treatment of 
Hepatitis B, a combination of two human antibodies being developed by XTL 
Pharmaceuticals (Galun E. et al, Hepatology (2002) 35:673-679). However, the 
combination of multiple (two or more) drugs (be it antibodies or other) has a 
number of technical, practical and regulatory drawbacks. The drugs were 

25 typically not designed as combinations and development with optimal clinical 
efficacy and compatibility may be a problem. As an example, conditions for 
stabilising the one may be detrimental to stability of the other (s). 
Furthermore, multiple sources of recombinant production lead to multiple 
sources of risks such as viral contamination, prion contamination and the like. 



30 
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The present invention provides combinations of specific binding 
proteins, such as immunoglobulins, that are designed to be true combinations, 
essentially all components of the combination being functional and compatible 
with each other. By producing true combinations the present inventors have 
5 opened up an avenue of further improvements in both the production and 

properties of the combinations. These improvements and their advantages will 
become apparent from the following description. 

Thus the invention provides a method for producing a composition 
comprising at least two different proteinaceous molecules comprising paired 

10 variable regions, said at least two proteinaceous molecules having different 
binding specificities, comprising contacting at least three different variable 
regions under conditions allowing for pairing of variable regions and 
harvesting essentially all proteinaceous molecules having binding specificities 
resulting from said pairing. Binding specificities are defined as interactions 

15 between molecules that can be distinguished from background interactions. 
Typically, specific interactions between molecules have higher binding affinity 
then background interactions between molecules. 

Specific binding molecules which for an important part are made up 
of amino acid residues (proteinaceous molecules) often require the pairing of 

20 different amino acid sequences in order to build a binding site. An amino acid 
sequence which pairs with another amino acid sequence to build a binding site 
is referred to as a variable region herein. Of course such a sequence may be 
part of a larger amino acid sequence, which may again be part of a larger 
proteinaceous molecule, e.g. as a subunit. As an example, in an antibody a 

25 complementarity determining region (CDR) may be a variable region, but a 
combination of three CDRs with their framework regions may also be 
considered as a variable region. According to the present invention at least two 
different binding sites are built in one system, in one method. Thus variable 
regions (amino acid sequences) are brought together under conditions in which 

30 they may pair to build two different binding sites. This requires at least three 
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variable regions, of which one is capable of pairing with both other variable 
regions, thus building two specific binding sites. The two specific binding sites 
may be in one proteinaceous molecule or in different proteinaceous molecules, 
or both. 

5 In antibodies of the IgG isotype for example this would be an 

antibody having two identical or two different binding sites. By producing the 
two desired binding specificities in one system, there is only one source of the 
products and thereby less risk of contamination with viruses, prions and the 
like. Such a system may be a cell free system, such as a wheat germ system, 
10 but it is preferred to carry out methods according to the invention inside a cell, 
or more cells of the same origin, preferably the origin of the subjects to be 
treated, typically human. For production and selection purposes other cells 
such as bacteria, insect cells, yeasts and other eukaryotes may typically be 
preferred. 

15 If the pairing of the variable regions takes place in a cell, then it is 

preferred that the production of the variable regions also takes place in a cell, 
preferably the same cell. A particularly useful way of producing variable 
regions is through the expression of nucleic acids encoding these variable 
regions. It is preferred that all variable regions in one cell are produced by 

20 such expression, it is however also possible to produce a number of variable 
regions in this manner and have other variable regions brought in, based on 
different techniques of production, or the same means of production, but in 
another cell. For most purposes the nature of the nucleic acid is not critical, it 
may be RNA, is preferably DNA, may be episomal or integrated, part of a viral 

25 vector or a plasmid, etc. However, for the final production system of the 

combination of proteins having different binding specificities, it is preferred 
that the nucleic acid or acids encoding the variable regions are stably 
integrated into the host genome. Production of variable regions through 
expression of nucleic acids encoding them gives the possibility to manipulate 

30 the encoding sequences, thereby enabling the designing of new binding 
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specificities, better pairing properties, exchanging useful sequences from one 
encoding sequence to another and the like. It also gives the possibility for 
selection for improved or different binding and/or pairing properties after 
alterations have been made, giving rise to the creation of libraries of many 
5 different nucleic acids in systems with easy selection mechanisms. 

In this manner the number of variable regions to be expressed for 
obtaining different binding sites may be reduced. One may design and/or select 
for a so-called promiscuous variable region, which is capable of pairing with 
more than one different binding region. Pairing is defined herein as any kind 

10 of coming together to build a binding site, be it through covalent or 

noncovalent bonding, conformational arrangement, folding, dimerisation, 
multimerisation or any other way. It thus encompasses terms such as 
associating, assembling, binding, combining and the like, be it directly or 
indirectly. Particularly when more than two different binding specificities are 

15 made in one cell, it is useful to have promiscuous variable regions in such a 
system, reducing the number of different nucleic acids that have to be 
expressed. In such a system, the promiscuous variable region should not 
contribute significantly to the binding specificity of the paired regions. 
Preferably it is mostly involved in folding and stability of the binding site, 

20 thereby of course indirectly influencing the binding specificity. 

Apart from reducing the number of nucleic acids to be expressed, by 
choosing one or more promiscuous variable regions, the number of paired 
variable regions which are not functional can be reduced to essentially zero. 
Particularly in the field of immunoglobulins, which typically 

25 comprise two pairs of two different paired variable regions, the production of 
more than one immunoglobulin inside the same cell often leads to pairing of 
variable regions that does not lead to a desired binding specificity. In the 
present invention, pairs are designed such that in one system essentially all 
variable regions can pair with another in the system to form a useful specific 

30 binding site. In methods of the prior art wherein four variable regions were 
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expressed in hybrid-hybridomas or quadromas, the result was a low 
percentage of desired bispecific antibodies, a percentage of either original 
antibodies and a substantial percentage of paired regions without significant 
useful binding specificity. Bispecific antibodies may be produced with the 
5 methods according to the present invention, either together with or without 
the concomitant production of the original antibodies, but typically essentially 
without production of non-functional pairs. In addition mixtures of multiple 
monoclonal and multiple bispecific antibodies may be produced with the 
methods according to the present invention. 

10 The methods as disclosed in the detailed description provide for 

adaptation of the nucleic acids encoding variable regions to the desired end 
result. Using promiscuous pairing or the opposite, monogamous pairing, the 
end result can be designed. Where bispecific antibodies or other certain 
pairings are to be excluded, the use of pairs of variable regions that can pair 

15 only with each other is used. Further, methods as disclosed in the detailed 
description provide for adaptation of the nucleic acids encoding the constant 
regions to lead to a preferential pairing of the binding sites formed by the 
variable regions when attached to the constant regions. 
Antibodies in the present invention are intended to refer to all variations of 

20 immunoglobulins that retain specific binding, such as Fab's, Fab'2, scFVs, but 
typical for antibodies according to the invention is the presence of a pair of 
amino acid sequences (at least two CDRs) that are paired to form a binding 
site. Thus the invention also provides a method wherein said variable regions 
are derived from heavy chains and/or light chains of immunoglobulins, 

25 engineered versions of variable regions with elements of heavy and/or light 
chains of immunoglobulins and/or a method wherein said proteinaceous 
molecules are antibodies, fragments and/or derivatives of antibodies. 

The methods according to the invention are typically preferred for 
the production of multiple (i.e. three or more) binding specificities in one 
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system. Because of the specific design of the contributing variable regions this 
has now become technically and commercially feasible. 

Another element of the invention useful for control of the production 
is placing expression of different variable regions under control of different 
5 elements such as promoters, (trans) activators, enhancers, terminators, anti- 
repressors, repressors, and the like. These control elements may be inducible 
or repressible. Thus the production of variable regions can be regulated, thus 
optimising pairing conditions as desired. Different combinations of variable 
regions can be made by separation in time of expression of various variable 

10 regions and/or ratios between different paired variable regions may be 

manipulated by regulating expression levels. Variations are described in the 
detailed description. The invention also provides an expression system for 
carrying out a method according to the invention, comprising nucleic acids 
encoding variable regions together with all elements required for gene 

15 expression and pairing, preferably such an expression system comprises at 
least one recombinant cell, such as a bacterium, a yeast cell, a fungal cell, an 
insect cell, a plant cell or another eukaryotic cell, in particular a mammalian 
cell, more in particular a human cell. 

Such a system can be provided with all necessary and useful control 

20 elements as disclosed herein before and as well known in the art. Selection 
elements and suicide elements may also be introduced into such a system as 
desired. 

A collection of expression systems according to the invention 
comprising a variety of combinations of different specificities is also provided, 
25 typically as a library for use in selecting desired combinations of variable 
regions. 

Such selection methods are also part of the present invention. Thus 
the invention in one embodiment also provides a method for selecting 
combinations of proteinaceous molecules having specific affinity for at least 
30 two target epitopes, comprising contacting a collection according to the 
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invention with said two target epitopes and selecting combinations showing 
said specific affinity. 

Such methods are particularly useful when said two target epitopes 
are associated with one disease or disorder. It is preferred to combine such a 
5 method with subjecting a selected combination of proteinaceous molecules to a 
biological assay indicative of an effect of the combination on the disease and/or 
disorder. 

Compositions obtainable by the methods of the invention are also 
part of the present invention. Preferred are compositions comprising at least 

10 three different paired variable regions, having different binding specificities, 
in particular those wherein said variable regions are derived from 
immunoglobulin light chains and/or immunoglobulin heavy chains. A 
combination composition that targets both TNF-a as well as IL-1B is an 
exemplary combination of the invention. In such typical therapeutic uses it is 

15 important that the combination preparations do not lead to severe immune 
responses in the subject to be treated. At least some of the antigenic parts of 
the binding molecules, such as the constant regions in antibodies should be of 
human origin. In the alternative, antigenic parts may be omitted or masked by 
molecules such as PEG. Thus the invention also provides in one embodiment a 

20 composition according to the invention, which is a pharmaceutical composition. 
Although antibodies have found use in other areas, and antibody combinations 
according to the present invention can be used in other areas, the 
pharmaceutical use of the invented combinations is preferred, both diagnostic 
and therapeutic, with a preference for the latter. However, in industrial 

25 applications the combinations of the invention may also be superior to existing 
separation techniques, because of ease of production, consistency of production 
and the availability of many combinations of specificities, capable of 
separating almost anything from any mixture. In testing, be it in 
pharmaceutical diagnostics or in any other field (environmental, agricultural, 

30 to name a few) the combinations of the invention can be used advantageously 
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as well. Both partners of a sandwich assay can be made in one cell. 
Agglutination mixtures can be made in one cell. When using the IgG format, 
the expression in the same cell will lead to a substantial fraction of bispecific 
compounds, which offer unique applications in combination with the 
5 monoclonals present in the same mix. For example when a monoclonal 

antibody can only bind with one arm to an antigen, a bispecific molecule with 
binding sites capable of binding to two different epitopes on the same antigen, 
may more consistently than the monoclonal antibody mixture immobilize or 
trap antigen. Again, ease and consistency of production, as well as the 

10 diversity of specificities is an asset of the combinations of the invention. These 
advantages of course also apply in selecting and producing combinations of 
specificities for therapeutic and/or prophylactic use, with additional 
advantages in ease of selection, efficacy of selected combinations and the 
mentioned safety aspects. 

15 A simple combination according to the invention starts with two specificities 
present in the combination. When a promiscuous variable region is present, 
such a combination requires only three different variable regions. The 
combination can be made such that all resulting paired variable regions in one 
proteinaceous molecule have the same specificity, giving monospecific 

20 molecules, or the variable or, if appropriate the constant regions can be 
designed such that bispecific molecules are also present. It can also be 
designed such that one monospecific and one bispecific molecule are present, 
but that the other possible monospecific molecule does not arise, because the 
variable regions cannot assemble in that manner. Thus the invention in one 

25 embodiment comprises a composition comprising at least one monospecific 
antibody and at least one bispecific antibody produced in one cell for use as a 
pharmaceutical. In some applications bispecific molecules, especially 
antibodies, may be advantageous for bringing two antigens together on a cell 
surface. Such aggregation events are often required in biology for transduction 

30 of a signal to the inside of a cell. Bispecific antibodies in the mixture may also 
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be used to connect effector molecules with target cells. The uses envisaged for 
bispecific antibodies in the prior art are also envisaged for bispecific molecules 
according to the invention. The most advantageous compositions according to 
the invention comprise more than two different monospecific binding 
5 molecules, optionally together with the different possible combinations of 

bispecific or multispecific molecules that may result from the different possible 
pairing events. These multispecific mixtures resemble polyclonal mixtures in 
their efficacy for recognising antigens, but without the drawbacks of many 
irrelevant specificities in the mixture. The mixtures resemble monoclonal 

10 antibodies in their defined constitution, ease of production and high 
specificities, but without the concomitant loss of efficacy. The mixtures 
according to the invention are referred to as Oligoclonics™. Oligoclonics™ can 
thus contain two, three, or more different binding specificities, and can exist in 
various formats. In the simplest form, Oligoclonics™ in the IgG format contain 

15 a mixture of different monospecific antibodies and bispecific antibodies in a 
particular given ratio. In the Fab format, Oligoclonics™ contain a mixture of 
different Fab molecules which are the product of correctly paired variable 
regions. In the mixed format, Oligoclonics™ contain a mixture of antibodies 
and antibody fragments. 

20 As disclosed herein, the methods and means of the invention in one 

embodiment are the production of combinations of specificities. Before 
production of combinations, suitable combinations must be designed and/or 
selected. These methods for designing and selection are also part of the present 
invention. Thus in a further embodiment the invention provides a method for 

25 producing nucleic acids encoding variable regions for use in a method for 
production of combinations of specificities according to the invention 
comprising synthesizing nucleic acids encoding variable regions, expressing 
said nucleic acids and allowing the expression products to pair and selecting 
nucleic acids encoding variable regions having desired pairing behaviour. 
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In an alternative embodiment the invention provides a method for 
producing nucleic acids encoding variable regions for use in a method for 
production of combinations of specificities according to the invention 
comprising altering existing nucleic acids encoding variable regions, 
5 expressing said nucleic acids and allowing the expression products to pair and 
selecting nucleic acids encoding variable regions having desired pairing 
behaviour. Of course, both methods may be combined and/or repeated in any 
order. Synthesis, alteration and selection methods are disclosed in more detail 
in the detailed description. 

10 Preferred nucleic acids (also part of the invention) for use in 

producing combinations of specificities are those encoding immunoglobulin 
polypeptides. Of course all types of immunoglobulins, especially antibodies 
(IgM, IgE, IgG's, etc.) but also fragments (scPv, Fab, single -domain, 
engineered variants) can be used in the present invention. Variable regions 

15 can for example be derived from either immunoglobulin heavy chain variable 
regions, or immunoglobulin light chain variable regions, but can also be 
engineered hybrids of heavy and light chain variable regions (with for example 
swapped CDR regions or FR regions). Variable regions can for example be 
obtained from hybridomas, by cloning from immune or non-immune donors or 

20 can be synthetically constructed variable regions. Even hybrids can be 
produced using nucleic acids and methods of the invention. For example 
hybrids with different yet functional binding sites can be made by providing 
elements from different isotypes, for example IgM and IgG, or IgM and IgA. It 
should be born in mind that T cell receptors resemble antibodies in many 

25 respects. Thus, the methods according to the invention can also be applied 

advantageously with T cell receptors, their variable regions and their encoding 
nucleic acids. It is thus preferred that the invention is carried out using 
immunoglobulins having different chains, (T cell receptors), especially 
antibodies having light chains and/or heavy chains or parts/derivatives 

30 thereof Of course part and/or derivatives according to this invention are such 
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parts and/or derivatives that do have specific binding properties comparable to 
immunoglobulins. 

This means that variable regions according to the invention should 
at least comprise an element which resembles a complementarity determining 
5 region of an antibody (CDR). Preferably it should have more than a CDR, 
preferably a variable region resembles in size and physicochemical properties 
a VH or VL of an antibody. The detailed description describes the invention 
using antibodies as an exemplary embodiment of the invention. 

10 The invention will be described in more detail in the following 

detailed description. 
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Figure legends : 

Figure 1 : Examples of composition of three or six proteinaceous molecules with 
three different binding specificities. The use of antibodies with appropriate 
5 pairing between the variable regions yields mixtures of antibodies that are 
bispecific or monospecific and bivalent (top panel). By appropriate engineering 
to manipulate the pairing between the variable regions, mixtures of only 
bispecifics or bivalent molecules arise (left hand side panels). In the legend on 
the right panel (grey box) it is indicated that the three symbols, the circle, 
10 triangle and square, represent binding sites consisting each of variable 
regions. 

Figure 2 : Method to identify antibodies with pairing compatible elements by 
empirical analysis of antibody variable region combinations. 
15 Figure 3 : Antibodies with similar light or heavy chain by selection from 

libraries with restricted diversity. In this example of a Fab library, one of the 
antibody chains is identical in all library members (the white chain), while the 
others contain amino acid diversity. 

Figure 4 : Different approaches to select antibodies with appropriate pairing 
20 behaviour, (a) selection of Fab library with constant light chain, and 

equivalent for Fab library with diversity in light chain only in (d); (b) selection 
of antigen-binding single-domain antibody from heavy chain only library, and 
equivalent for VL in (e); (c) selection of library of chimaeric chains of VH and 
VL (in which for example some CDR elements are swapped). 
25 Figure 5 : Selecting antibodies with pairing compatible variable regions by re - 
shuffling one chain. Starting point of the method is a repertoire of antibody 
binding sites, with paired variable regions, such as in this example, an Fab 
repertoire. Similarly single chain Fv libraries can be used. In a typical 
selection (top) the initially present pairing of variable regions is maintained 
30 throughout the iterative selection process; in the selection followed by 
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reshuffling (steps 1-3), one of the two variable regions (preferably of the heavy 
chain) of the pairs that have been selected on antigen, is combined with 
partner domains (preferably light chains) derived from either the selected 
population or from the original population). After this the selection (step 4), 
5 and the subsequent procedure are repeated. Eventually, individual antigen - 
reactive antibodies are identified by screening methods. 

Figure 6 : Example of a competitive selection of antibodies with a desirable 
pairing behaviour. The method involves the co-expression of one or more 

10 competing antibodies (top, left) in the same host cell as a member of an 

antibody library (bottom, left). Depicted is the method for Fab fragments, as 
described in the text. The result of the pairing opportunities of VHCH1 (white 
boxes) chain when co-expressed with two other Fab fragments is depicted. The 
original combination of the VH with its cognate light chain (hatched box), will 

15 retain its original binding affinity for antigen and can thus be selected. 

Figure 7 : Identifying antigen-specific antibodies by co-transfecting heavy chain 
gene libraries with an invariant light chain gene and screening the resulting 
antibody mixtures for antigen reactive antibodies. With every cycle of 

20 transfection and screening, the diversity of the VH library is reduced (at 
position *), to eventually yield a population of antigen -reactive heavy chain 
variable genes. The numbers indicate that sampling of a library of 10 8 
different heavy chains can be carried out by screening the wells of 10 96-well 
tissue culture with each 100 clones per well. 

25 Figure 8 : Identifying antigen-specific antibodies by transfecting secretable 
heavy chain gene libraries, assembly with an invariant light chain and 
screening the resulting antibody mixtures for antigen reactive antibodies. 
With every cycle of transfection and screening, the diversity of the VH library 
is reduced (at position *), to eventually yield a population of antigen -reactive 

30 heavy chain variable genes. 
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Figure 9 : Screening antibody mixtures produced by the same host cell for 
optimal bio-activity. Mixtures are made by transfecting heavy chain genes 
encoding the antibodies of interest (here number is 10) together with optimally 
5 paired light chain, followed by cloning of cell lines, selecting stably producing 
cell lines, and eventually screening the resulting antibody mixtures for 
optimal bio-activity. 

Figure 10 : Examples of antibodies with cross-over domains. Heavy chain 
10 domains (grey striped boxes) and light chain domains (white boxes). 

Figure 11 : Ex vivo assembly of antibodies (A) and the universal antibody 
concept (B). Antibodies are produced as separate chains and then combined to 
form a functional antibody. This is in particularly interesting when making 
15 mixtures of antibodies, as indicated in (B), where depending on the input of 
the chains and the separation of the mixing reactions. 

Figure 12 : Dependent expression of Ig chains. Chain-1 is typically the heavy 
chain, which is in under control of a promoter (P). The IRES sequence links the 
20 expression of the heavy chain with that of a transactivator; this activates a 
responsive promoter to induce expression of Chain-2, typically the light chain 
(see text for details). 

Figure 13 : The polylinker sequence of pSCFV, a pUC119-based plasmid 
25 suitable for stepwise cloning of antibody variable regions and expression of 
scFv fragments. 

Figure 14: Schematic depiction of plasmid pSCFV-3 (A) and pSCFV-3 with 3 
cloned scFv fragments, in this case derived from the antibodies JA, JB and 
30 M57.The black box is a schematic depiction of the histidine stretch; other C- 
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terminal based tags are also indicated. S, signal sequence; rbs, ribosome 
binding site, AMPr, ampicillin resistance gene (beta -lactamase). 

Figure 15 : Schematic depiction of the eukaryotic expression vector VHExpress 
5 as also described in (Persic et al (1997) 187:9-18) except that this variant has a 
CMV promoter; its use for cloning scFv fragments (top, indicated for antibody 
JA) such that the expression of scFv-Fc fusions is achieved. 

Figure 16: Sequence alignment of the three light chains amino acid sequences 
10 of antibodies JA (Kappa), and JB and M57 (both lambdas). The position of the 
CDRs is indicated. 

Figure 17: pFAB-display: Schematic depiction of pFAb -display (top), and 
indication of cloning of VLCL and VH regions; the polylinker region (below). 
15 Legend as in Figure 14. 

Figure 18 : Mutagenesis of heavy chain variable region of the JA antibody; 
underlined region was mutagenised. Other regions known to be important for 
the interaction with the VL: the residues at the positions marked in colour 
20 (bottom) or with the boxes around the JA-VH sequence are alternatively 
suitable for mutagenesis (based on data from http://www.biochem.unizh.ch/ 
antibody/Structm'es/DimContacts/VHDimHistFrame.html). 

Figure 19 . Outline of an expression vector for human monoclonal antibodies in 
25 eukaryotic cells. CMV: CMV promoter; p(A): polyadenylation signal; Neo: 
neomycin resistance gene; Amp: ampicillin resistance gene. 
Figure 20 . Outline of the expression cassette and expression vectors for use 
with eukaryotic cells. The legend of the vector elements is depicted on the 
right. On the left hand side top panel are depicted as example four eukaryotic 
30 expression cassettes for three antibody heavy chains and one light chain. The 
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elements found in an expression cassette for a single antibody chain encoding 
gene or nucleic acid typically comprises a promoter, a Leader sequence, an 
open reading frame encoding the antibody chain of interest, a polyadenylation 
region and terminator, all in operable configuration. Further sites/regions used 
5 for site-directed and in some cases homologous, recombination, are shown (are 
also optional; indicated on top of the first expression cassette). On the bottom 
panel is depicted an exemplary vector backbone used for insertion of the top 
panel cassette(s). This scheme displays the typical elements of a eukaryotic 
expression vector, comprising a bacterial origin of replication (such as Col El), 

10 a bacterial selection marker (B-Select, such as the ampicillin resistance gene), 
a eukaryotic selection marker (Select, such as gpt, neo, zeo etc, see text; useful 
when stable integration into the host cell's genome is envisaged), and 
additional optional elements such as a bacteriophage packaging region (for ss- 
DNA production, such as fl), and an optional amplification marker (such as 

15 DHFR). Optional are other expression controlling elements (such as BEs, 
STAR, LCRs, MARs and the like, see below) and IRES; these are included in 
later figures. 

Figure 21 : Schemes depicting different formats for the co-expression of 
20 antibody chain encoding genes, exemplified here for the case in which two 
antibodies that share a common light chain (not shown) have to be co- 
expressed. (A) The basic individual cassettes, as separate cassettes and cloned 
into separate expression vectors. (B) This cassette contains the two Heavy 
chain (H) genes cloned in tandem, but their expression is individually 
25 regulated, via two different promoters, PI and P2. (C) The two H genes are 

cloned into transcriptionally opposite directions and in this example separated 
by an element that influences the expression/stability/integration frequency 
(further examples are given in the text). (D) Same as B, but now additional E- 
elements are included at the 3' end of each of the two transcriptional units. (E) 
30 For cases in which two binding proteins should be present in the mixture at 
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roughly similar quantities, an IRES is inserted between two H genes. (F and 
G) Expression cassettes for mediating the expression of two H chains, in which 
each of the H genes are linked via an IRES element to a selection marker 
(which is then selected for instead of using the vector -backbone based marker), 
5 without (G) or with (H) additional elements in one cassette to influence 
expression. 

Figure 22 : Plasmid pABExpress40 for expression of libraries of pairing 
compatible antibodies in mammalian cells. Cloning sites for directional 
10 insertion of antibody variable region genes are indicated. See Example nr. 11 
for details. Without the STAR40 insertion into the EcoRI site, this plasmid is 
called pABExpress. 

Figure 23 : Design of a hybrid light chain library for identifying a pairing - 
15 compatible light chain for h4D5v8 and 2C4. The amino acid sequences used by 
Herceptin (trastuzumab, h4D5v8) and pertuzumab (Omnitarg, 2C4) are 
compared to one another, and to two designer light chain libraries, HYB1 and 
HYB2 (see example 17 for details of the design). Residues identical to those of 
Herceptin are indicated with a dash; amino acids are encoded by the single - 
20 letter consensus; X means positions to be targeted for diversification in a 
library approach. Numbers indicated for the most relevant residue positions 
(See text for more details). 

Figure 24 : Plasmid p2Fab-HER2 used for the identification of a light chain 
25 variable region that is pairing compatible with two HER2 binding antibodies, 

h4D5v8, and 2C4. The black box is a schematic depiction of the histidine tag (6 

Histidines); other C-terminal based tags are also indicated. S, signal sequence; 

rbs, ribosome binding site, AMP r , ampicillin resistance gene (beta-lactamase). 

The version of the VL of h4D5 that is present in this vector carries two 
30 designed mutations in two CDR residues, and a stop codon (indicated with *) 
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in the CDR2 region. By site-directed mutagenesis, the CDR2 is diversified 
using an oligonucleotide (designed according to approach HYB2) that 
simultaneously removes the stop codon as well as introduces diversity at 3 
positions of the CDR2. This plasmid directs the expression of two antibody 
5 heavy chains (as Fd chains) and one antibody light chain, and thus allows 
simultaneous production, and individual detection, of two Fab fragments. 

Figure 25 : Growth inhibition curves for h4D5 Fab and mixtures of 4D5* and 
2C4* (see Example 17) that utilize different light chains, indicated with VL1 to 
10 VL7. Different concentrations of these Fab's are incubated with HER2 positive 
cells sensitive to the growth inhibitory effect of HER2 -targeting antibodies. 
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Detailed description 

In the fight against infection, the immune system creates a cellular and 
humoral response that can specifically combat the infectious agent. The 
5 humoral immune response is based on immunoglobulins, or antibodies, which 
contact antigens and mediate certain effector functions to clear the infection 
((Roit, I.M. et al. (1985) ) and all references herein). In the immune system 
antibodies are generated by B-lymphocytes. Antibodies consist of heavy and 
light chains that are assembled via inter-domain pairing and interchain 

10 disulphide bonds to form multivalent molecules. Various isotypes of natural 
antibodies exist, including IgG (with in humans 4 subclasses, IgGl, IgG2, 
IgG3, IgG4), IgM, IgD, IgA and IgE. An IgG molecule contains two heavy (H) 
and two light (L) chains, both with a variable (V) and constant (C) regions. A 
typical IgG antibody comprises two heavy (H) chain variable regions 

15 (abbreviated herein as VH), and two light (L) chain variable regions 

(abbreviated herein as VL). The VH and VL regions can be further subdivided 
into regions of hypervariability, termed "complementarity dete rminin g 
regions" ("CDR"), interspersed with regions that are more conserved, termed 
"framework regions" (FR). The extent of the framework region and CDR's has 

20 been precisely defined (see, Kabat, E.A., et al (1991) Sequences of Proteins of 
Immunological Interest, Fifth Edition, U.S. Department of Health and Human 
Services, NIH Publication No. 91-3242, and (Chothia, C. et al. (1987) J. Mol. 
BioL 196: 901-917), which are incorporated herein by reference). 

In the generation of the primary immune response, the pairing of heavy 

25 and light variable region sequences of antibodies is a random process. The 
variable region genes are first assembled by recombining of a set randomly 
picked V, (D) and J genetic elements represented in the genome as a diverse 
gene pool. The recombined heavy and light variable regions are then spliced 
towards their respective constant region genes and the chains expressed, 

30 assembled and secreted as immunoglobulin. In this combinatorial library, in 
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principle every heavy chain can pair with every light chain, to create a vast 
repertoire of different antigen specificities, with diversity derived from the 
rearrangement process (which also introduces further diversity at some of the 
segment junctions) and from the combinatorial assembly of the heavy and 
5 light chain variable regions. In principle B -cells produce only one antibody 
specificity, encoded by one antibody heavy and one antibody fight chain 
sequence. The immune system selects via an efficient antigen-selection process 
those antibodies that can bind to a given antigen, in particular when the 
antigen is foreign and part of a pathogen. 

10 In natural immunoglobulins, the light chain which consists of two 

domains, is paired to the heavy chain, which consists of at least 4 domains and 
a hinge region: non-covalent interactions occur between VH and VL, and 
between CHI and CL; between the latter a disulphide bridge provides a 
covalent linkage between heavy and light chains. Furthermore, the heavy 

15 chains are found paired to one another, ie. in the IgG format, and sometimes 
further associate with additional elements such as J-chains (i.e. in the IgM 
format). A strong non-covalent interaction occurs between the CL and CHI 
domains, a frequently weaker interaction is present between VL and VH. The 
heavy chains are paired via interactions in the hinge region (often covalently 

20 associated via one or more disulphide bridges) and between the CH2 and CH3 
domains. By sequencing large pools of antibody variable genes from isolated B- 
cell and comparing the frequency of the pairings of VH and VL segments, it 
was confirmed that this pairing between VH and VL regions is on average a 
random process. However, since the variable regions are genetically diverse 

25 and some of this diversity at the amino acid level is structurally situated at 
the predicted interface region between the two domains, the pairing of one 
given VH to another VL is not anymore random. For example, pairing of a 
given VH with another VL than the molecule was initially selected with, may 
lead to loss of affinity of binding for the antigen, but may also lead to a 

30 reduced pairing efficiency. Within one B-cell, typically and normally only one 
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light and one heavy chain is expressed, but in the few instances that other 
light or heavy chains are expressed (such as in two fused B-cells), mispairing 
between the chains will occur, and antigen binding is lost in this fraction of the 
antibody preparation. For example, in the past, the expression of multiple 
5 antibody variable domains, as in quadromas or cells transfected with multiple 
heavy and/or light chain genes, typically yields a large fraction of pairings of 
variable regions that are not functional. In order to build bispecific antibodies, 
the pairing of different antibody heavy and light chains when expressed in the 
same cell was investigated intensively. From studies of the pairing in 

10 antibodies derived from hybrid hybridomas made by fusing two antibody- 
producing hybridomas, the pairing was shown to be based on a random 
association of light and heavy chains with some cases where a certain level of 
preferential pairing was seen, but not enough to prevent mispairing to occur. 
The present invention describes a variety of methods to select antibodies 

15 with optimal pairing behaviour of antibody chains . With such methods 

compositions of multiple antibodies with different binding specificities can be 
made. 

1. Antibodies with pairing compatible variable regions 

20 

a. Summary 

Herein we disclose methods and means for obtaining antibodies with 
pairing compatible variable regions. The presence of such variable regions 
facilitate the predictability and functionality of the resulting pairing between 

25 the antibody variable regions. Two antibodies contain pairing compatible 
variable regions when the pairing of the variable regions in a mixture of all 
variable regions combined, occurs in such manner that predominantly 
functional binding sites arise as a result of the pairing. Two antibodies have 
pairing compatible variable regions when for example the variable light chain 

30 domains of both antibodies can be exchanged by the one of the other antibody, 
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without drastically altering the antigen binding affinity of the two antibodies. 
Another example of when antibodies have pairing compatible variable regions, 
is when they share an identical or closely related variable region: in that case 
pairing of the two partner domains to this shared region will lead to the 
5 formation of functional binding sites. 

Methods for the identification of antibodies that have pairing compatible 
variable regions are described. In the simplest form pairing compatible 
variable regions in sets of antibodies are identified by virtue of the sequence 
identity of the V-regions. In another approach pairing compatible variable 

10 regions are identified by empirical exchange of V-genes or V-gene fragments 
between given antibodies, and testing antigen binding. In another approach, 
antibodies with a high likelihood of containing pairing compatible variable 
regions can be en!riched from antibody repertoires by combinations of 
selections and re-shuffling. Using appropriate selection strategies, antibody 

15 pairing may be selected to become promiscuous or exclusive in the context of 
the desired multiple antibody variable genes. A method is also described for 
providing a given antibody with pairing compatible variable sequencing, using 
various mutagenesis and selection technologies. In another approach, 
antibodies with pairing compatible variable regions are selected from synthetic 

20 antibody libraries with a high probability of identifying antibodies with such 
elements (for example from a library with only one variegated variable 
domain). Further, antibodies with pairing compatible variable regions are 
created by first selecting an antigen-specific single-domain antibody, and then 
providing this with a second domain that will pair with the first one to form a 

25 two-domain molecule. 

Pairing compatible variable regions can be identified in order to replace 
sequences in an antibody by the equivalent sequences of another antibody that 
are thought to mediate more favourable characteristics. The transfer of pairing 
compatible variable regions between antibodies can be used to alter the 

30 pairing capability and pairing strength of the antibody chains, but it can also 
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be envisaged to alter the immunogenicity, idiotype and expression yield of 
antibodies. Antibodies bearing such elements are also highly suitable for 
making pharmaceutical compositions of antibodies with multiple binding sites, 
for example for making mixtures of antibodies containing such elements, by co- 
5 expression in the same host cell. In particular when the variable regions share 
a full variable domain (such as the light chain), co -expression will yield 
functional binding sites only. Antibodies with pairing compatible variable 
regions are suitable for the creation of mixtures of antibodies, in which the 
antibodies are either solely monospecific, or bispecific, or a mixture of mono- 

10 and bispecific antibodies, or even, depending on the choice of isotypes with 
more than two binding sites (e.g. slgA, IgM), combinations of multiple 
specificities within the same antibody molecule. Such approaches provide a 
means to have in the same pharmaceutical preparation antibodies with 
multiple specificities, and, if required, combinations of specificities within the 

15 same molecule. 

b. Sources of antibodies 

Antibodies suitable for the invention can be derived from a variety of 
sources, including monoclonal antibodies, phage antibodies, antibodies from 

20 transgenic animals etc. Monoclonal antibodies are obtained from a population 
of substantially homogeneous antibodies using the hybridoma method first 
described by Kohler and Milstein, Nature 256:495 (1975) or may be made by 
recombinant DNA methods. In the hybridoma method, a mouse or other 
appropriate host animal, is immunized to elicit lymphocytes that are capable 

25 of producing antibodies that will specifically bind to the antigen used for 
immunization. Alternatively, lymphocytes may be immunized in vitro. 
Lymphocytes are fused with myeloma cells using a suitable fusing agent, such 
as polyethylene glycol, to form a hybridoma cell. Antibodies can also be 
isolated from transgenic animals that harbour human immunoglobulin genes. 
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Antibodies or antibody fragments can also be isolated using display 
based antibody library technology, wherein antibody fragments are selected by 
exposing a library of such antibodies displayed on the surface of phage, yeast 
or other host cell, to the antigen of interest, and isolating those antibody 
5 fragments which bind to the antigen preparation. A display library is a 

collection of entities; each entity includes an accessible polypeptide component 
and a recoverable component that encodes or identifies the peptide component. 
Many antibody fragments have been displayed on the surface of entities that 
carry the genetic material encoding the antibody fragment inside the entity, 

10 such as bacteriophages. This format is termed "phage display." Phage display 
is described, for example, in Ladner et al, U.S. Patent No. 5,223,409; Smith 
(1985) Science 228:1315-1317. Other display formats utilize peptide -nucleic 
acid fusions. Polypeptide -nucleic acid fusions can be generated by the in vitro 
translation of mRNA that includes a covalently attached puromycin group, 

15 e.g., as described in Roberts and Szostak (1997) Proc. Natl Acad. Sci. USA 
94:12297-12302, and U.S. Patent No. 6,207,446. The mRNA can then be 
reverse transcribed into DNA and crosslinked to the polypeptide. In still 
another display format the library is a cell-display library. Proteins are 
displayed on the surface of a cell, e.g., a eukaryotic or prokaryotic cell. 

20 Exemplary prokaryotic cells include E. coli cells, B. subtilis cells, spores, 
exemplary eukaryotic cells include yeast such as Saccharomyces cerevisiae, 
Hansenula polymorpha, Pichia pastoris, Kluyveromyces lactis, insect cells and 
mammalian cells.. Methods for the display of antibody fragments and the 
construction of antibody libraries in a variety of formats are well described in 

25 the literature and known to those skilled in the art. 



c. Identifying pairing compatible elements in panels of antigen-reactive 
antibodies 

Antibodies with pairing compatible variable region sequences and 
30 therefore suitable pairing behaviour of variable regions, are identified by a 
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variety of methods that are disclosed within this document. In a first 
approach, antibodies with pairing compatible variable regions are selected 
from panels of antigen-specific antibodies (in which the antigen can be one 
defined target antigen but also a collection of different antigens, and the panel 
5 contains at least two antibodies), as follows. The sequences of heavy and light 
variable regions are determined and inspected to find clones with identical or 
highly similar light or heavy chain variable domains. If the amino acid 
sequence of part of or the complete variable region is identical for two 
antibodies, the two given antibodies have a pairing compatible variable region. 

10 In another approach, pairing compatible variable regions are identified in 

amino acid sequences that appear related yet have amino acid differences: for 
example if there are differences in the amino acid sequence but the same or 
related germ line segment is used, or when highly similar CDR regions are 
used, or if similar canonical folds in some CDR regions are found yet different 

15 germ line segments are used, the variable regions may still comprise pairing 
compatible variable regions. This is confirmed by swapping the variable 
region(s) between the antibodies in the panel, and measuring antigen binding 
of the new pairs. Experimentally light and heavy chains or parts thereof can 
be exchanged by recombinant DNA methods such as restriction enzyme based 

20 DNA cloning, oligonucleotide -based mutagenesis, gene synthesis and PCR- 

mediated mutagenesis, methods which are widely available in the art. Binding 
assays that can be used are well established in the art and known to those 
skilled in the art; some are described below. This method may identify cases in 
which both variable regions can be exchanged between two antibodies, such as 

25 two related light chains that can be swapped with no or an acceptable effect on 
the affinity. It can also identify cases in which only one of the variable regions 
of the two antibodies can tolerate the exchange, for example one light chain 
that functionally pairs with one of two heavy chains only, while the other light 
chain can functionally pair with both heavy chains. In that case the latter 

30 light chain can be used to replace the former non-matching one, and thus 
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create two antibodies with pairing compatible variable regions. Functional 
pairing means that the variable region pairing has ideally no effect on antigen 
binding affinity or specificity, but allowable may also be a <10-fold reduction 
in affinity, and at the most a 100-fold reduction in affinity, or any 
5 improvement of affinity. 

In another embodiment, pairing compatible variable regions are 
identified in panels of antibodies without knowing or using the sequence of the 
variable regions of the antibodies. First a collection of antibody variants is 
created in which all variable regions are combined with the other partner 

10 variable regions of the antibodies in the panel. Then the effect on antigen 
binding is established empirically, to identify those antibodies with can 
functionally pair to the variable regions of the other antibodies in the panel 
(Figure 2). This method identifies pairing compatible variable regions that are 
not immediately identified by sequence comparison. Instead of using the 

15 partner variable regions derived of the antibodies in the panel, also other 
partner variable regions can be used. For example the heavy chain variable 
region of each of the antibodies in the panel is combined with a set of chosen 
light chain variable regions, for example consisting of mainly germline 
encoded segments representative of one or more of the light chain kappa or 

20 lambda gene families. Pairing-compatible variable regions are then identified 
by screening the combinations for antigen binding and scoring whether one 
common variable region provides antigen binding for the desired set of 
antibodies in the panel. These methods can be based on assessment of antigen 
binding of individual combination of the variable region genes, thus co- 

25 expression of two variable regions in the desired antibody format, or of antigen 
binding of multiple combinations of variable regions derived from co- 
expression in the same host cell. For example two antibody heavy chain 
variable regions can be expressed inside the same host cell as Fd chain, and co- 
expressed with one light chain, and antigen binding for both antibody binding 

30 sites assessed. Further, by differentially tagging the two heavy chains, for 
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example with epitope tags such as tags derived from c-myc, VSV, HA etc, the 
pairing of the two H-L combinations can be followed- Such an approach is 
suitable for finding pairing compatible variable regions if a limited number of 
starting antibodies is available and allows the screening of large collections of 
5 partner variable regions. 

Examples of pairing compatible variable regions are V-regions based on 
highly homologous germ line segments, or V-regions that differ by changes in 
the amino acid sequence (e.g. with somatic or other mutations, minor 
deletions, additions, substitutions). In such case the effect of the exchange of 

10 the homologous region in the first antibody may differ from the effect seen 
with the exchange of the homologous region in the second antibody; e.g. there 
are cases where the affinity is changed to an allowable level for only one of the 
two antibodies, and cases where this occurs for both antibodies. In one 
embodiment the pairing compatible variable region comprises the light chain 

15 variable region or part of the light chain variable region. In another 

embodiment the pairing compatible variable regions comprises the heavy 
chain variable region or part of the heavy chain variable region. 

Another embodiment of an approach to identify pairing compatible 
variable regions in a panel of antibodies is the following. First the variable 

20 region of each of the antibodies is co-expressed with a partner variable region 
derived from the other antibodies in the panel, and a screen carried out that 
will detect the presence of intact antibody (thus not antigen binding). The 
formation of intact antibody indicates pairing between the two variable 
regions; if no intact antibody is retrieved, this will indicate that the two 

25 variable regions are not pairing inside the host cell. The screening can be used 
to identify antibodies that display variable regions that cannot pair with one 
another in the chosen antibody format, i.e. as Fab fragments expressed in 
E.coli or as IgG molecules expressed in eukaryotic cells. When co-expressing 
the 4 variable region genes, only the cognate interactions occur, and the 

30 variable region genes are pairing compatible. 
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d. Antibodies with pairing compatible variable regions from antibody libraries 

In certain embodiments, antibodies with pairing compatible variable 
regions are selected from synthetic antibody libraries with a high probability 
5 of identifying antibodies with such elements. Synthetic antibody libraries are 
collections of antibodies which have been synthetically diversified (e.g., using 
site-directed mutagenesis or PCR-based gene synthesis using mutagenised 
oligonucleotides) in defined regions/locations within their variable regions. In 
one embodiment the design of the diversity introduced into the primary 

10 antibody repertoire is such that at least a portion of a variable region and 
preferably a complete variable region is not diversified, while the remaining 
area contains the diversity (examples in Figures 3, 4a, 4c and 4d). Examples of 
such libraries are libraries based on human variable region genes, for example 
a set of 49 different heavy chain genes with diversity introduced in the VH- 

15 CDR3, all combined with a single light chain (Hoogenboom, H.R. et al. (1992) J 
Mol Biol 227: 381-388). Antibodies selected from such repertoires will contain 
by design pairing compatible variable regions. Such repertoires can be created 
by recombinant DNA methods and displayed on the surface of phage, cells, 
spores, ribosomes, or can be created in transgenic mice carrying only partial 

20 diversity in the V-gene composition. Synthetic diversity can be introduced in 
all CDR residues, in a subset of CDR residues, i.e. those with significant 
solvent exposure, and can be designed to encode all or a subset of amino acids, 
i.e. those that are commonly observed in natural antibody CDRs. An example 
of such tailored antibody library, with a single heavy chain variable domain 

25 scaffold and a fixed light chain variable domain, and with a limited number of 
heavy chain CDR residues variegated with a limited number of encoding 
amino acids is described in J Mol Biol 338: 299-310 and in WO 03/102157A2. 
Alternatively to libraries with synthetic diversity in one variable region, also 
libraries with natural diversity, or combinations of natural and synthetic 
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diversity (e.g. synthetic diversity in CDR1 and CDR2 and natural diversity in 
CDR3) in one variable region may be used. 

In one embodiment antibodies with pairing compatible variable regions 
are obtained by first selecting an antigen-specific single -domain antibody, and 
5 then providing this with a second domain that will pair with the first one to 
form a two-domain molecule (examples in Figure 4b en 4e). Single -domain 
antibodies are preferably isolated from in vitro display repertoires made from 
single-domain repertoire of certain human variable region fragments, such as 
human VH or human VL repertoires. In another embodiment single domain 

10 antibodies are isolated from non-immunized, immunized or synthetic VHH 
repertoires, based on antibody heavy chain domains naturally devoid of light 
chains (e.g. camel, lama or some shark antibodies). Single -domain VH-based 
antibodies with antigen-binding activity can be combined via recombinant 
DNA technology with a single, a small repertoire, a chosen collection or a large 

15 repertoire of light chains, preferably of human nature. Antigen -binding 

variants of single-domains now forced to contain a paired light chain, may be 
isolated using display technology based or equivalent methods. In another 
embodiment single-domain VL-based antibodies with antigen-binding activity 
are combined via recombinant DNA technology with a single, a small 

20 repertoire, a chosen collection or a large repertoire of heavy chains, preferably 
of human nature. Antigen-binding variants of single -domains now forced to 
contain a paired heavy chain, may be isolated using display technology -based 
or equivalent methods. In the embodiments of Figure 5, the variants derived 
from the same route of isolation will always share a variable region sequence, 

25 thus will be able to provide functional pairing when brought into the context of 
pairing multiple variable regions. 

If at least a portion of a variable region and preferably a complete 
variable region is not diversified, while the rest of the variable region(s) 
contain the diversity, the selected antigen -binding antibodies coming from 

30 such repertoires will contain by design pairing compatible variable regions. In 
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many of the approaches in the literature used for building high affinity 
antibodies from synthetic antibody libraries, diversity in the initial library is 
built up throughout the antibody variable region genes and in particular in 
most of the six CDRs. Depending on the genetic make-up of these library, 
5 there will be a higher or lower probability of identifying antibodies with 
pairing compatible variable regions. Libraries can be designed to fit 
specifically this new application, by introducing diversity in one variable 
region only, and not further diversifying the shared variable region, even in 
further affinity maturation processes. Preferably libraries are used in which 

10 the diversity is restricted to the three CDRs in one chain. The partner variable 
region is then preferably one or small set of germ line gene -encoded regions 
without any further diversity. In the primary library or follow-up libraries, 
diversity can be introduced in those areas of the antibody V-regions that are 
less likely to interact with the partner chain, so to increase the chances to find 

15 antigen-binding antibodies with high affinity yet well pairing variable regions. 
Antibodies with a high likelihood of containing pairing compatible 
variable regions can also be enriched from antibody repertoires not biased in 
their genetic make-up, by combinations of selections and re-shuffling of 
preferably the complete V-region of a given population or clone (exemplified in 

20 Figure 5). This will enrich for those antigen-specific antibodies with a high 
likelihood of containing pairing compatible variable regions, for example 
because they are tolerant in their pairing with the shuffled region yet retain 
antigen-binding, or because the shuffled region is less likely to contribute to 
antigen binding. For example, an antibody Fab library is first enriched on 

25 antigen, and the selected heavy chains obtained after one or more rounds of 
selection are then recombined with the selected or unselected light chain 
repertoire (dashed lines in Figure 5), and selected again on antigen (Figure 5, 
step 4). In this way the selected antibody variable heavy chain domains will 
have the propensity to bind to the antigen relatively independently of the light 

30 chain to which it is paired. Antibodies to a first and second antigen can be 
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identified by using the above -described selection and re -shuffling experiment, 
followed by a screening as before, to detect antigen binding of the selected 
heavy chains in combination with a collection of light chains. One may then 
identify those antibodies that bind either the first or the second antigen 
5 relatively independently of the light chain, or in the present of a related light 
chain family member. Due to the dominance of the heavy chain in antigen 
binding in these antibodies, many of the light chains are likely to functionally 
pair with the multiple heavy chain variable regions. Co -expression of 
antibodies with a pairing-tolerant variable region that is mediating antigen 

10 binding (such as the VH), and in which the partner domain is not involved or 
not important for antigen binding (such as the VL), will similarly lead to the 
formation of mainly or only functional binding sites. 

In another embodiment the invention describes a method to obtain 
antibodies with heavy and light variable regions that preferentially or in the 

15 best case, exclusively, pair to one another and not to the respective light and 
heavy variable regions of one or more other antibodies, for example those that 
are co-expressed in the same host. Such selection can be done by display 
methodology, but also using an intracellular selection route that relies on co- 
expression of antibody light and Fd chains in the same cell, allowing 

20 competition between the chains, and rescue of the intended combination via 
phage display or any other suitable route. The preferential or ideally exclusive 
pairing that is encountered in faithful antibodies will aid in the formation of 
mainly or only functional binding sites when such antibodies are co -expressed. 
This method essentially allows a high level of functional antibody binding sites 

25 to form even when variable region genes are used that have very distinct 
compositions. A method for identifying antibodies with desired pairing 
behaviour based on competition selection is described here. Antibodies are 
selected from a library of antibody fragments, by carrying out a selection 
directly in a host cell that co-expresses different antibodies. For example when 

30 applied to using bacteriophage libraries this concept is the following. Bacteria 



WO 2004/106375 



PCT7NL2004/000386 



32 

are provided with a phage or phagemid genome that carries the genes 
encoding a Fab fragment in such manner that upon expression, one of the 
chains will be anchored to a phage particle. In the same host cell, other 
antibody light and/or heavy chain Fd fragments are co-expressed, for example 
5 the Fab genes encoding a given antibody, or any set of multiple antibodies. For 
example consider co-expression of two Fab's in the same cell, one of which is 
anchored via its heavy chain (Fd fragment, essentially VH-CH1) to the phage 
coat protein. As a consequence of this co-expression, competition occurs inside 
the same cell (in this case in the periplasm) between the two light chains for 

10 the pairing to the phage-anchored Fd chain. Further, the soluble heavy chain 
of the competing Fab will be able to pair with both light chains present in the 
same cell. In this system phage particles with antigen binding activity will 
occur with different types of pairings. First, if the correct light chain will pair 
with its partner heavy chain on the phage only (exclusive pairing), and 

15 secondly, if the heavy chain on the phage surface is dominant in antigen 
binding and tolerant for pairing, yielding antigen binding virtually 
irrespective of which light chain it pairs with. Functionally such antibody 
pairs will behave in the same manner. In the case of the first situation, the 
lesser interactions between the partners of the two respective antibody pairs, 

20 the higher the proportion of functional Fab on phage. The method described 
can be further biased towards antibodies with preferably an exclusive pairing, 
by providing tags on the chains and enriching or depleting for particular 
combinations (e.g. depleting for those phage that carry the competitor light 
chains via a unique tag present on these chains). This method when applied to 

25 the isolation of antibodies via the selection of a phage library of Fab's, will 
yield a high frequency of antibodies that will have an appropriate pairing 
behaviour and high functional yield when produced as mixture by co- 
expression. The use of competition-selection to bias selected antibodies 
towards being co-expression compatible, may also be applied to other display 

30 libraries (e.g. yeast display libraries), and to in vitro library systems based on 
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ribosome display or mRNA display (Puromycin system), with methods of 
screening or selection of antibodies that recognize antigen as extensively 
described in the art. Further the described method of competition -selection of 
antibody fragments for improved pairing (or antigen-selection and compatible 
5 pairing) using phage display can be readily translated into an intracellular 
(periplasmic) selection system based on protein-or enzyme complementation. 
In such approaches, fragmented, complementary or self-inhibitory enzymes are 
used to drive the selection of interacting molecules, that are fused to the 
components of the selection system. Only when there is an interaction of a 

10 minimal strength will the protein or enzyme become activated, and under 

appropriate selection conditions, will the cells survive. Such methods have for 
example been described for the enzymes beta-lactamase and DHFR, with its 
applications in the selection of antibodies or expressed cDNA fragments that 
display a particular binding behaviour. For example competitive selection has 

15 been described for the affinity maturation of antibodies in the TACZYME 
system from Kalobios Inc. In the current invention, it is not the antigen 
binding but the pairing strength that can be made the selective force for a 
given population of antibodies presented in such system. 

In a preferred embodiment the method is used to identify new 

20 antibodies from phage libraries that show pairing compatible variable regions 
with an existing antibody that has given variable region sequences. The 
antibody with the know antigen specificity is cloned for co -expression as Fab 
fragment in host cell that collectively express a phage display library of human 
Fab antibodies. This can be done by providing the Fab expression cassette onto 

25 a plasmid that is compatible with the presence of a phage or phagemid 
genome, such as the pBR322 based plasmid. Host cells harbouring this 
plasmid are then infected with the phage particles encoding a library of 
human Fab's cloned into for example a phagemid vector such as pUC119, or a 
phage vector such as fd-tet-DOGL While the competing Fab fragment is 

30 expressed, new phage particles are harvested (after helper phage infection if 
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appropriate) from this culture. These particles are used for selection on 
antigen, and the resulting phage reinfected into cells harbouring the 
competitor Fab fragment. After a few iterative rounds, the phage Fab's are 
screened for antigen binding in a binding assay; the pairing behaviour 
5 between the reactive Fab's and the variable regions of the competing Fab can 
be further tested by co-expression and binding assays. The preferred format for 
this selection is the Fab format and not the scFv format, mainly because for 
most applications whole IgG-type antibodies will need to be established that 
have interactions between the chains that harbour the variable regions that 

10 mimic those seen in the Fab format. Figure 6 depicts an example of how this 
method works for two Fab's competing with antibodies in a phage library. 

This method requires some optimisation steps, for example the use of a 
CHI-mutant with reduced affinity for its CL, and Fab's that do not display an 
intermolecular disulphide bridge such that the pairing will remain non- 

15 covalent. Residues positioned at the CH1-CL interface region may be mutated 
such that affinity between these two domains is reduced, for example 10 -fold 
or 100-fold, and as a result in the Fab format the pairing of the variable 
domains will become more dominant in driving the two chains together. 
Antibodies selected from such mutated Fab libraries, or from Fv libraries in 

20 which there is no covalent association between the two variable regions, may 
be biased towards having a preferential pairing behaviour. 

In a further embodiment the invention comprises the creation of 
antibody libraries in which provisions are made to mediate unique pairing 
between the heavy and light chains, such that they are unlikely to interact 

25 with antibodies derived from a Regular' or non-purposely biased composition. 
An example of such provision is a knobs-into-holes engineered CH3-CH3 pair, 
in which one domain is provided with an amino acid with a large, bulky side 
chain (e.g. a tyrosine; the knob) that pokes out into the interface region, while 
the other domain at the equivalent structural position, carries one or more 

30 mutations (e.g. three) to create a hole into which the 'knob' will fit. Examples 
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of such engineered domain interfaces have also been published for variable 
regions (Zhu et al (1997) Protein Science 6:781-788). Is was shown that the 
effects of domain interface mutants are context (antibody) dependent, which 
provides also an opportunity to engineer the variable region domain 
5 interactions in an antibody-specific manner, in such way that when multiple 
antibody variable gene pairs are allowed to pair, mainly or only the cognate 
pairings are retrieved. Alternatively installing a disulphide bond between the 
domains may mediate a preferential pairing. Alternatively, charge 
replacements are introduced in the framework regions, or combinations of 

10 these with sterically complementary mutations, to disfavour mispairing with 
one, and/or more favourable pairing with the other partner variable region. 
Selection systems for such mutant libraries have been described earlier, and 
include the selection of the domain libraries on antigen via phage display of 
the paired variable regions (in scPv or Fab or, IgG format), or ribosome display 

15 of the scFv fragments, or selections based on the interaction itself instead of 
that with antigen. An example of the latter is described for selecting 
heterodimers of the immunoglobulin gamma -1 CH3 domain (Atwell et al 
(1997) J Mol Biol 270: 26-35), which is applicable for the present invention as 
follows: on of the two variable regions that should or should not interact 

20 (depending on what one would like to select for, repulsion or 

attraction/pairing) is displayed on phage (preferably as VLCL or as VHCH1 
chain), while the other is genetically tagged and produced in solution 
(preferably as VHCH1 or as VLCL). The interaction between the two variable 
regions can than be selected for, using standard phage selection protocols and 

25 anti-tag reagents. Co-expression with a pair of non-tagged competitor variable 
regions as described earlier can be used to drive the selection towards variable 
region pairs that exclusively pair with one another. 

In another embodiment of selecting binding sites with appropriate 
pairing behaviour, we describe here the use of antibodies derived from VH-VH 

30 libraries on the one hand and VL-VL libraries on the other; or the use of 
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chim aerie libraries in which elements (one or more CDR regions) are swapped 
between VH and VL. In another embodiment the invention comprises the 
creation of two antibody libraries with such provisions made to mediate unique 
pairing between the heavy and light chains, such that when antibodies from 
5 these libraries are co-expressed, they will likely preferentially pair with the 
right partner. 

Cited libraries of antibodies can take various forms. As a source of 
antibodies, a naive human library may be used, such as the antibody libraries 
described by Griffiths (Griffiths, A.D. et aL (1993) EMBO J 12: 725-734), 

10 Vaughan (Vaughan, T.J. et al. (1996) Nat Biotechnol 14: 309-314) or de Haard 
(de Haard, H.J. et al. (1999) J Biol Chem 274: 18218-18230). Both heavy and 
light chains in these libraries are derived from the repertoires of rearranged V- 
genes derived from the mRNA of peripheral blood lymphocytes (PBLs) from 
unimmunized humans, and are therefore highly diverse. Alternatively as a 

15 source of antibodies an immunized host or patient with biased humoral 

response (e.g. patients with infections, autoimmune diseases etc) is used. In 
immune libraries made from a hapten-immunized animal, it was shown that 
many of the clones were promiscuous and allowed pairing of the originally 
selected heavy and light chains with partner chains derived from other 

20 selected clones. Thus antibodies with pairing compatible variable regions may 
be more frequent in such immune libraries than in non-immune libraries. 

Cited selection and screening technologies of recombinant antibodies 
and their fragments are well established in the field. Antigen specific 
polypeptides can be identified from display libraries by direct screening of the 

25 library, or can be first selected on antigen to increase the percentage of 
antigen-reactive clones. The selection process may be accomplished by a 
variety of techniques well known in the art, including by using the antigen 
bound to a surface (e.g., a plastic surface, as in panning), or by using the 
antigen bound to a solid phase particle which can be isolated on the basis of 

30 the properties of the beads (e.g., coloured latex beads or magnetic particles), or 
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by cell sorting, especially fluorescence -activated cell sorting (FACS). As will be 
apparent to one of skill in the art, the antigen-specific affinity reagent may be 
bound directly or indirectly (e.g., via a secondary antibody) to the dye, 
substrate, or particle. Selection procedures have been extensively described in 
5 the literature (see, e.g., Hoogenboom, (1997) Trends BiotechnoL 15:62-70). 
Other publications describe the production of high affinity (nanomolar range) 
human antibodies from very large collections of antibodies, and the affinity 
maturation of these antibodies by chain shuffling or other approaches 
(reviewed in, e.g., (Hoogenboom, H.R. et al. (2000) Immunol Today 21: 371- 

10 378)). Binding of antibodies to their respective antigens may be carried out 
using antibody-based assay techniques, such as ELISA techniques, Western 
blotting, immunohistochemistry, Surface Plasmon Resonance (SPR) analysis, 
affinity chromatography and the like, according to methods known to those 
skilled in the art (see, for example Sambrook et al., 1989 Molecular Cloning: A 

15 Laboratory Manual 2 nd Ed. Cold Spring Harbor Laboratory Press). These 

techniques are viable alternatives to the traditional hybridoma techniques for 
isolation of "monoclonal" antibodies (especially when human antibodies are 
required), which are encompassed by the present invention. 

The following describes possible embodiments of exemplary assays for 

20 binding assays: ELISA. Polypeptides encoded by a display library can also be 
screened for a binding property using an ELISA assay. For example, each 
polypeptide is contacted to a microtitre plate whose bottom surface has been 
coated with the target, e.g., a limiting amount of the target. The plate is 
washed with buffer to remove non-specifically bound polypeptides. Then the 

25 amount of the polypeptide bound to the plate is determined by probing the 
plate with an antibody that can recognize the polypeptide, e.g., a tag or 
constant portion of the polypeptide. The antibody is linked to an enzyme such 
as alkaline phosphatase, which produces a colorimetric product when 
appropriate substrates are provided. The polypeptide can be purified from cells 

30 or assayed in a display library format, e.g., as a fusion to a filamentous 
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bacteriophage coat. In another version of the ELISA assay, each polypeptide of 
a library is used to coat a different well of a microtitre plate. The ELISA then 
proceeds using a constant target molecule to query each well. 

Surface Plasmon Resonance (SPR). The binding interaction of a 
5 molecule isolated from library of diversity strands with a target can be 
analysed using SPR. For example, after sequencing of a display library 
member present in a sample, and optionally verified, e.g., by ELISA, the 
displayed polypeptide can be produced in quantity and assayed for binding the 
target using SPR. SPR or Biomolecular Interaction Analysis (BIA) detects 
10 biospecific interactions in real time, without labelling any of the interactants. 
Changes in the mass at the binding surface (indicative of a binding event) of 
the BIA chip result in alterations of the refractive index of light near the 
surface (the optical phenomenon of surface plasmon resonance). The changes 
in the refractivity generate a detectable signal, which are measured as an 
15 indication of real-time reactions between biological molecules. Methods for 
using SPR are described, for example, in U.S. Patent No. 5,641,640; Raether 
(1988) Surface Plasmons Springer Verlag; Sjolander and Urbaniczky (1991) 
Anal Chem. 63:2338-2345; Szabo et al (1995) Curr. Opin. Struct. Biol 5:699- 
705 and on-line resources provide by BIAcore International AB (Uppsala, 
20 Sweden). Information from SPR can be used to provide an accurate and 

quantitative measure of the equilibrium dissociation constant (K<0> and kinetic 
parameters, including k 0 n and k 0 ff, for the binding of a biomolecule to a target. 
Such data can be used to compare different biomolecules. For example, 
proteins encoded by nucleic acid selected from a library of diversity strands 
25 can be compared to identify individuals that have high affinity for the target or 
that have a slow koff. This information can also be used to develop structure- 
activity relationships (SAR). For example, the kinetic and equilibrium binding 
parameters of matured versions of a parent protein can be compared to the 
parameters of the parent protein. Variant amino acids at given positions can 
30 be identified that correlate with particular binding parameters, e.g., high 
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affinity and slow k 0 ff. This information can be combined with structural 
modelling (e.g., using homology modelling, energy minimization, or structure 
determination by crystallography or NMR). As a result, an understanding of 
the physical interaction between the protein and its target can be formulated 
5 and used to guide other design processes. 

Homogeneous Binding Assays. The binding interaction of candidate 
polypeptide with a target can be analysed using a homogenous assay, i.e., after 
all components of the assay are added, additional fluid manipulations are not 
required. For example, fluorescence resonance energy transfer (FRET) can be 

10 used as a homogenous assay (see, for example, Lakowicz et al, U.S. Patent No. 
5,631,169; Stavrianopoulos, et al, U.S. Patent No. 4,868,103). Another 
example of a homogenous assay is Alpha Screen (Packard Bioscience, Meriden 
CT), Alpha Screen uses two labelled beads. One bead generates singlet oxygen 
when excited by a laser. The other bead generates a light signal when singlet 

15 oxygen diffuses from the first bead and collides with it. The signal is only 

generated when the two beads are in proximity. One bead can be attached to 
the display library member, the other to the target. Signals are measured to 
determine the extent of binding. The homogenous assays can be performed 
while the candidate polypeptide is attached to the display library vehicle, e.g., 

20 a bacteriophage. 

Automated screening. The methods and compositions provided herein 
are also suitable for automated screening of diversity libraries for finding 
clones with likely pairing compatible variable regions. For example, a display 
library of Fab's or scFv's can be screened for members that bind to a target 

25 molecule. The library can be screened directly or first selected on antigen once 
or several times. Binders from a first round of screening can be amplified and 
rescreened, one or more times. Binders from the second or subsequent rounds 
are individually isolated, e.g., in a multi-well plate. Each individual binder can 
then be assayed for binding to the target molecule, e.g., using ELISA, a 

30 homogenous binding assay, or a protein array. These assays of individual 
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clones can be automated using robotics. Sequences of the selected clones can be 
determined using robots and oligonucleotide primers that allow to read the 
variable region sequences of the selected clones. Results of the assay and the 
sequences can be stored in a computer system and evaluated by eye or by 
5 using software, e.g., to identify clones which meet particular parameters (e.g., 
for binding affinity and/or specificity, and for sequence homology). 

e. Forcing appropriate pairing of antibody variable regions via mutation and 
selection 

10 There are instances where antibodies with given variable region 

sequences, antigen specificity and affinity are available, but where no pairing 
behaviour can be achieved with the existing sequences. Some of the methods 
mentioned earlier can be applied to solve this, in particular the screening of a 
combinatorial panel of variable region pairs to find fortuitously compatible 

15 pairs, or the selection of new antibodies that do have the desirable pairing 
behaviour, for example using competition selection with one of the antibodies 
of defined specificity. In those instances where this is not a desirable option 
and preferably the existing antibodies are used, the following methods may be 
used to create pairing-compatible variable regions for the set of antibodies to 

20 be produced as an Oligoclonic™ mixture. 

First of all the pairing can be biased by using single -chain Fv variants of 
the antibodies. The provision of a linker between heavy and light chain 
variable region will increase the chance that the two domains will pair with 
one another, instead of pairing with unlinked molecules or with other single - 

25 chain Fv molecules of the same of different specificity present in the same cell. 
If such molecules are fused to Fc regions and co-expressed in the same host 
cell, the result is a mixture of scFv-Fc molecules which are paired via the 
heavy chain Fc region, forming monovalent and bispecific molecules. There is 
also an alternative solution that does not rely on pairing in the scFv format. 

30 With a set of for example 3 given antibodies, an antibody mixture consisting 
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essentially of IgG-formatted molecules can be made by making the variable 
region genes compatible with one another. First the sequence of the antibody 
light chains is determined, and the chain that is the most common to the 
sequence of the two other light chain variable regions, or the closest to its 
5 germ line amino acid sequence identified. For the two antibodies that carry the 
different light chain, a library of heavy chains is created that is diverse in the 
CDRs including the CDR3 that produces a substantial fraction of the 
interactions between heavy and light variable region sequences. These heavy 
chains are combined with the chosen, non-mutated light chain in a format that 

10 provides expression and screening, or display and selection capabilities. In 
such manner, the two remaining antibodies are forced to accept the new light 
chain, which could affect pairing and affinity; the provision of mutations in the 
heavy chains and the selection (either separately as scFv or Fab fragments, or 
as Fab in competition with their original light chain in a method described 

15 above for competition selection), will enrich for variants that have corrected a 
possible deficiency in pairing efficiency and/or affinity loss. 

/. Antibodies with pairing compatible variable regions from transgenic mice 

It is possible to produce transgenic animals (e.g. mice) that are capable, 

20 upon immunization, of producing a full repertoire of human antibodies in the 
absence of endogenous immunoglobulin production. Transfer of the human 
germ-line immunoglobulin gene array in mutant mice that carry a 
homozygous deletion of the antibody heavy chain joining region (JH) gene and 
therefore do not anymore produce murine antibodies, results in the production 

25 of human antibodies upon antigen challenge. See, e.g., Jakobovits et al., Proc. 
Natl. Acad. Sci. USA 90:2551-255 (1993); Jakobovits et al., Nature 362:255- 
258 (1993). Antibodies with pairing compatible variable regions may be 
identified from panels of antibodies made in these animals, or from such 
antibodies and antibodies derived from other methods. It is envisaged that 

30 antibodies with pairing compatible variable regions may be identified even 
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more readily in transgenic mice carrying only the heavy or only the light chain 
locus, and only a single or a limit ed set of chosen partner chains; in that case 
immunization would lead to the generation of antibodies which all carry a 
compatible common chain. Antibodies with pairing compatible variable regions 
5 are then identified using the methods described herein. The efficiency with 
which such antibodies can be identified can be further increased by reducing 
the extent of somatic hypermutation of the partner chain or chains. This can 
for example be done by removing regulatory sequences surrounding the 
variable regions, or by mutating the variable region codons such that the gene 

10 becomes a less likely substrate for the cellular hypermutation machinery, or 
by harvesting the B-cells earlier after immunizations. 

One further approach is to combine the heavy chains of the three 
antibodies with a repertoire of highly diverse light chains, and screen the 
pairings, if necessary after selection on antigen, for light chains that maintain 

15 functional pairing (and antigen binding) and share a common sequence. This 
can be readily carried out using automated facilities for high throughput 
ELISA screening and sequencing, as presented earlier. 

g. Uses of antibodies with pairing compatible variable regions 
20 Antibodies with pairing compatible variable regions have many 

applications. It is disclosed herein that the preparation of a desired functional 
antibody mixture is feasible when the composition of the variable heavy or 
light chains of the various antibodies is carefully selected to contain antibody 
variable regions that carry pairing compatible variable regions such that the 
25 pairing of the antibody variable regions yield predominantly functional 

binding sites. After selection of antibodies with pairing compatible variable 
regions as described above, the antibody variable region genes can be cloned 
into expression vectors that will direct the expression of an antibody of the 
desired format, e.g. IgG, IgA, IgM. In one embodiment the invention describes 
30 the production of mixtures of antibodies through the co-expression of variable 
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region genes operably linked to constant region genes, in which these variable 
region genes encode different antibodies with pairing compatible variable 
regions. Without the selection of appropriately pairing antibodies with pairing 
compatible variable region, co-expression would lead to the formation of a 
5 mixture of antibodies with many non-functional heavy-light chain 

combinations. When appropriate pairing compatible variable regions have 
been defined, a high level of functional antibody combining sites will arise. In 
one embodiment the heavy chain variable region is operably linked to the first 
domain of the heavy chain constant region, followed by a hinge region, 

10 followed by the remaining domains of the heavy chain constant region. The 
variable region of the light chain on the other hand is operably linked to an 
appropriate constant domain of the kappa or lambda family. 

In a preferable embodiment, the pairing compatible variable region is 
an identical light chain. In that case the co-expression of this light chain and 

15 for example two different heavy chains derived from antibodies with as pairing 
compatible variable region the full light chain, in the same cell will yield a 
mixture of the two expected bivalent molecules and one bispecific molecule. 
Similarly, when co-expressing this light chain with more than two heavy 
chains derived from antibodies that all have functional antigen binding sites 

20 when paired to that same light chain, the mixture will contain in a certain 
fraction each of the bivalent molecules, and a number of bispecific molecules 
with combinations of all binding sites, e.g. 3 when 3 antibody heavy chains are 
introduced, 6 when 4 antibody heavy chains are introduced, 10 when 5 
antibody heavy chains are introduced etc. In this case the affinity of the 

25 monomeric binding sites in these various species is expected to be very similar 
to the affinity of the original binding sites. In another embodiment, antibodies 
share a pairing compatible variable region, but the sequence of this element is 
different between the two antibodies and, upon swapping, the affinity of one or 
both of the antibodies may be altered. If such antibodies are used for co- 

30 expression, the final antibody mixture will contain antibodies with the original 
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and the altered binding affinity in all of the species that were mentioned 
above. In the preferred embodiment such antibodies share a compatible 
common light chain. In another embodiment antibodies share a compatible 
common heavy chain. The expression levels of the individual components can 
5 be chosen or can be manipulated to alter the fraction of the species of 
antibodies containing that component. 

2. Protein mixtures with optimally paired variable regions 

Using the methods according to the invention, antibodies with a pairing 

10 behaviour suitable for the preparation of a well-defined biopharmaceutical 
mixtures are obtained. Traditionally before use for human therapy, protein 
drugs are expressed and purified to homogeneity, consisting of one major 
molecular species. In some cases therapy is more efficacious with combinations 
of proteins or other drugs. This invention describes methods to make a 

15 proteinaceous mixture that will contain at least two major molecular species, . 
composed of at least three variable regions, and such that some variable 
regions pair to form a functional binding site. The large scale manufacturing of 
the proteinaceous mixture is a prerequisite for their clinical use, and a simple 
purification procedure is an important feature of the development process. The 

20 presence of impropriately paired variable regions would inevitably lead to a 
more complicated purification procedure. In one embodiment the genes 
encoding the components of the two proteinaceous compounds are co-expressed 
in the same host cell, and the different major molecular species that are 
present in the mixture and have a functional binding specificity purified using 

25 biochemical/biophysical techniques well known in the art. In one embodiment 
the method is used to make a mixture of a defined number of antibodies. The 
major molecular species that comprise one or more different binding 
specificities could share a minimal proportion of their encoding genetic 
information (e.g. an Fc region, a common tag, or another shared domain or 

30 feature); such shared feature will provide a common mechanism/assay for 
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following the individual compounds in the mixture. In another embodiment 
the major molecular species are preferentially co -purified due to a similar 
biophysical/biochemical behaviour, or due to a shared domain that mediates 
co-purification (e.g. an Fc). In another approach the major molecular species 
5 are fused to a subunit of a protein such that they can multimerize with each 
other (e.g. CH2-CH3 region), The invention also provides biopharmaceutical 
mixtures produced using this method. The preferred application is the co- 
expression of antibodies, with the choice of the V-genes and pairing behaviour 
between VH and VL domains such that mainly or only functional binding sites 

10 are made, and the purification of the mix can occur via the shared feature, an 
Fc region. Methods for purification of immunoglobulin are well known in the 
art, including protein A, protein G and other affinity matrices. Other 
proteinaceous mixtures that could be envisaged to have paired variable 
regions are fusion proteins between antibodies or antibody fragments and 

15 other molecules, single domain antibodies derived from camel, lama or 

engineered single domain antibodies from murine or human variable region 
genes, receptor extracellular domains, peptides, proteins equipped with an 
engineered binding site, or cytokines. Preferably the proteinaceous compounds 
share a feature (like by further fusion to an immunoglobulin Fc region; 

20 methods well known in the art), such that they can be co-purified using the 
same procedures. The optimal pairing of the variable regions in the different 
proteinaceous compounds will also lead to an optimal level of functional 
binding sites on these compounds, thus minimizing the number of purification 
steps required to obtain the active component of the protein mixture. 

25 

3. Selecting antigen specific proteinacous compounds using mixtures of 
encoding DNA. 

In a preferred embodiment the proteinaceous compounds are 
antibodies. In the invention antibodies are identified in collections or pools of 
30 genetically diverse antibodies, in which the pairing of the variable genes is 
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optimised in such manner that upon co-expression of at least two antibodies 
inside the same cell an optimal pairing arises, providing a maximal amount of 
functional binding sites. In a preferred embodiment the pairing of all binding 
sites is optimised due to the use of a shared variable region gene, preferably 
5 the light chain. The diversity of the other elements in the library will be such 
that antibodies with high affinity can still be selected. Due to this choice of the 
genetic make up of the variable regions, the pairing of the antibody variable 
regions will be such that a very high level of functional binding sites will be 
present when multiple variable regions forming more then one antibody 

10 binding site are contacted with one another, for example when expressed in 
the same cell. In one embodiment first a library or collection of different 
antibody heavy chain genes is made, and cloned into an eukaryotic cell 
expression vector. This library is introduced into host cells in such a manner 
that each host cell will be making multiple different antibody heavy chains. In 

15 a preferred embodiment, 'anti-repressor elements' (Kwaks et al, 2003. Nat. 
Biotechnol 21:553) are cloned at one or both ends of the antibody heavy chain 
gene. Such elements confer stable and high level expression of a given 
transgene as shown in this citation, and in this invention we describe its use to 
mediate stable and high level expression for each individual copy of the 

20 transgene (see also below). 

In one embodiment of this invention, depicted in Figures 7-8, the 
variable region or regions with optimised pairing behaviour for the other 
variable regions is or are also genetically encoded in an appropriate expression 
vector, and introduced into the host cell, either before, during or after the 

25 introduction of the other variable region. The expression cassette with the 
variable regions can also be part of a viral system such that high levels of 
transfection/infection efficiency can be achieved. In the case that the pool of 
first variable regions are antibody heavy chains, the second variable region 
with optimised pairing behaviour can be one or more light chains. The host 

30 cells which are transfected with both partners of the pairing, e.g. the mix of 
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antibody heavy chains and set of light chains, are expanded and grown under 
conditions which allow the expression of heavy chains and light chains. 
Preferably only one light chain is used, as exemplified in Figure 7. For 
example the expansion can occur in tissue culture wells, in such a manner that 
5 the tissue culture wells will contain between 10-1000 different originally 
transfected clones, each of the clones expressing multiple pairings of the 
antibody variable regions. Antigen-specific antibodies can be retrieved 
amongst these clones and wells by various methods, preferable by ELISA or 
equivalent test of the antibody mixtures of each well (see also earlier 

10 description of binding assays). If stable transfection is used, with the 

possibility to select transfected cell lines for stably integrated copies of the 
antibody encoding DNAs, the relevant antibody or antibodies may be cloned 
via limiting dilution. Alternatively, the DNA encoding the relevant antibody 
variable genes can be retrieved by amplifying and sequencing the antibody 

15 genes from the cells in the well using methods know in the art. If required the 
antibody -heavy chain encoding DNA can be also amplified, recloned for 
expression in the same system, the DNA amplified and then used to repeat the 
transfection, expression and screening experiment. With this cycle of 
transfection and screening, after a few rounds, an antigen-reactive antibodies 

20 start dominating the population. At every round the complexity of the mixture 
produced by an individual cell can be reduced by reducing the complexity of 
the DNA introduced into the cell, to eventually become a oligoclonal 
population. From the transfected wells, the antibody's V-gene can be rescued 
directly (e.g. via PCE) and further analysis and/or screening in this system, 

25 eventually at conditions that provide expression of the monoclonal antibody. 
Alternatively the variable regions from reactive wells can be cloned into other 
systems for rapid screening of the binding specificity of the individual pairs of 
variable regions, e.g. via bacterial expression of antibody fragments or whole 
IgG, expression in other hosts, via in vitro display methods, bacteriophage 

30 display methods etc. 
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In another preferred embodiment the heavy chains are secreted by the 
host cell into the supernatant, where they can be reconstituted into functional 
antigen binding fragments, by the addition of and pairing with a partner light 
chain. This can be a small family of related chains, but preferably one chain 
5 only. In this approach, cells are used that do not prevent secretion of the non- 
paired heavy chain. This embodiment is depicted in Figure 8. Drosophila S2 
cells have been described that contain a BiP (Binding Protein) homologue, 
hsc72, that specifically interacts with immunoglobulin heavy chains, but does 
not prevent their secretion. Alternatively, the heavy chains will need to carry 

10 amino acid mutations in such a manner that cells that normally retain heavy 
chains when they are not paired to light chains, will not mediate retention 
anymore. For example mutations can be provided for or, selected within, the 
major recognition sites for BIP sites which are located in the heavy chain CHI 
domain. For example the CHI domain can be replaced (e.g. by a CL or CH3 

15 region) as long as the light chain can pair with this form of the molecule (or 
other variants, see also section on antibody cross-over variants), or mutated to 
avoid retention by BiP. The result of such variations are that the different 
heavy chains are secreted by the host cell. The chains are then reconstituted 
with one or more partner chains carrying the partner variable region(s). 

20 Methods to establish this have been extensively reviewed in literature on the 
biochemical analysis and assembly of antibody molecules. Antigen-reactive 
variable region pairs can be identified in the same way as described for the 
other embodiment. 

In yet another embodiment antibody the first partner of the two paired 

25 variable regions (such as the heavy chain for an antibody) is anchored onto a 
eukaryotic cell surface, and the other variable region provided by expression in 
the same host cell or via reconstitution on the cell-surface. This set-up allows a 
direct screening for antigen-binding on the host cell surface, for example via 
flow cytometry with fluorescently -labelled antigen, or a direct selection, for 

30 example via cell sorting methods. 
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Methods to identify antigen-reactive antibodies from B-cell populations 
have been described in the literature and can be applied to these transfection- 
based systems also. In such described systems random combinatorial diversity 
is sampled, and antibody variable gene pairing is also not optimised or biased. 
5 Use of such random combinatorial pairs of variable regions does not guarantee 
that upon production of an antibody mixture, the pairing will be optimal, on 
the contrary: mispaired variable regions will be a substantial fraction of the 
produced proteinaceous compounds. In this invention an important element is 
that this random combinatorial diversity is limited, by reducing the diversity 

10 of one of the variable region genes. The diversity that is present in the 

resulting paired repertoire originates mainly from one of the variable regions. 
Preferably it is one or a small set of light chains. As a consequence, in the 
iterative process of selecting the antigen -reactive variable regions, only one of 
the two partners of the pair will need to be identified. It is not necessary to 

15 retrieve both the heavy and light chain variable region sequence from the 
same cell. Another important difference is that multiple antibody genes are 
introduced and expressed from the same host cell. When using random 
diversity such a feature would lead to a multiplication of the diversity and 
reduction of the quantity of the individual combinations to the extent that 

20 detection let alone cloning of the responsible antibody gene combination would 
become very difficult, if not impossible. Consider the case in which the cell 
would be making multiple combinations of heavy and light chain pairs, then 
the chance to retrieve the correct combination of the antibody that mediates 
antigen reactivity, would be become smaller as the cell is making a higher 

25 number of different chains. If the cell would be expressing 10 different heavy 
and light chains, the combinatorial diversity generated by this one cell would 
be a 100 different types of antibody binding sites; only 1/10 of the antibody 
variable genes amplified from such cell will be the relevant one, thus the 
chance to be able to clone the correct antibody genes is very low. As a 

30 consequence of this reduced combinatorial diversity in the present system, 



WO 2004/106375 



PCT/NL2004/000386 



50 

there will also be a higher quantity of each of the individual antibodies, which 
makes a more sensitive detection possible. Thus in this invention the 
expression of the different antibodies in the same host cell is a desired feature. 
First as explained above, it is an important feature for the antigen-selection 
5 system to find antigen-reactive antibodies when using transfected cell 
populations. Secondly, the invention is directed towards the production of 
mixtures of proteins and more in particular antibodies or their fragments, 
which requires optimal pairing of the variable regions, in particular when 
producing such mixtures by co-expression in the same host cell. In the 

10 preferred method described above, co-transfection of variable region genes 

inside the same cells leads to the expression of multiple antibodies in the same 
host cell. The methods are thus useful to select individual antibody variable 
region pairs that are reactive with a given target epitope, but also to select a 
mixture of different variable region pairs all reactive with a given target 

15 epitope (in the process of the screening, multiple antibody variable region pairs 
will be selected or identified, but when iterating the process, these antibodies 
are likely to be eventually mixed and end up in the same host cell). Further if 
the screening or selection of the mixture is carried out with targets with 
multiple epitopes, or multiple targets, the mixture can also contain antibodies 

20 to multiple epitopes or targets, yet with co -expression compatible pairing of 
the variable region genes. 

The invention is also suitable for the screening of mixtures of proteins 
with paired variable regions that have a defined binding specificity (Figure 9). 
The genes encoding these compounds are introduced as a mixture into a host 

25 cell as above (in Figure 9 examples is given of 10 different antibodies), and 
individual clones that have integrated some or multiple copies of the genes 
encoding the various variable regions expanded. In the way described above, 
applied to antibodies, the supernatants of the resulting cell lines are screened 
for reactivity towards the various antigens. The levels of each of the individual 

30 antibody pairs may vary, and, when the antibody format is the IgG isotype, 
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also the level of the bispecific antibodies resulting from the co -expression may 
be highly variable. Cells that secrete the mixture comprising the desired 
composition are identified and used as a stable production host for this 
mixture. The invention provides a method to quickly screen hundreds of 
5 mixtures of different antibodies. The optimised pairing of the heavy and light 
variable regions will secure a high level of functional binding sites in the 
antibodies present in such mixtures. 

4. Antibodv-based compounds with paired variable regions and cross-over or 

10 mutations in the constant regions. 

The pairing of the variable and constant regions of an antibody can 
be further engineered as follows, by crossing-over domains. Antibodies are 
made by crossing-over or swapping or replacing elements within the Fab 
region of the antibody (or the antibody heavy chain Fd region and the antibody 

15 light chain region), and combining the appropriate elements to establish a 

binding site in the context of an immunoglobulin molecule (examples are given 
in Figure 10). In its simplest format, the L chain and H chain Fd region are 
swapped. A VL-CL-hinge-CH2-CH3 chain is thus paired to a VH-CHl domain. 
In a second format, the constant region genes between H and L are swapped. 

20 In another form the CHI is replaced by a CL. In another form the VH and VL's 
are swapped. In another form one or more of the CDR-regions between VH and 
VL are swapped. The pairing efficiency can be monitored in such cross-over 
variants, such that suitable combinations of non -cross-over antibodies with 
cross-over antibodies, or combinations of different cross-over antibodies, can be 

25 used to mediate optimal pairing when making mixtures of at least two 

antibody molecules (with antibody also including here cross -over variants as 
described above). In another form the effect of mispairing between different 
VH's and/or VL's is reduced by linking the VH and VL via a linker to a single- 
chain Fv variant, which will favour the association between these two 

30 domains. Alternatively the pairing between variable regions can be 
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manipulated by the introduction at the appropriate positions of cysteines 
which upon pairing of the variable heavy and light variable domains can form 
a disulphide bridge. The invention also provides methods for selecting 
antibody fragments that will bind antigen in an appropriate cross -over-format, 
5 by selecting from appropriately formatted libraries, or by screening one or 
more antigen binding antibodies for the activity in the cross -over format. 
Antibodies in which the CHI domain is not part of the heavy chain may be 
secreted as free molecules not paired to light chains, allowing alternative 
approaches for the production of antibodies and new fusion formats. Antibodies 

10 in which the variable regions are swapped may be functionally non -equivalent 
and yield a more diverse, unnatural or different spectrum of antigen -binding 
or biological activity (the positioning of the heavy and light chain variable 
regions is expected to not always be completely equivalent). Besides effects of 
the exchange of the heavy and light chain genes on affinity and/or specificity, 

15 the swapping may alter the antibody flexibility and impact the biological 
behaviour. Finally, an antibody binding site with chim aerie VH-VL regions 
(with CDR or FR regions swapped between the two variable domains) may also 
yield an alternative, possibly larger but structurally non -overlapping set of 
antibody paratopes. 

20 Secondly, selective engineering of the constant regions or the interaction 

of variable regions with constant regions may also affect the pairing behaviour 
of the variable region genes. By modifying the antibody heavy chain constant 
region, the fraction of functional bispecific antibodies can be increased or 
decreased. In this approach antibody heavy chains can be engineered to drive 

25 hetero- or homodimerisation. This can be done by introducing sterically 

complementary mutations in the CH3 domain interface, for example, as has 
been described in the literature for increasing the percentage of functional 
bispecific antibodies in the mixture of antibodies arising from the co- 
expression of two heavy and two light chains. The pairing of the antibody 
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binding site variable region may thus be influenced by the pairing of 
variegated constant regions, of heavy and light constant region domains. 

5. Extracellular pairing of proteinaceous mixtures 
5 This invention provides a method for making whole antibodies using an 

i7i vitro pairing procedure of heavy and light chains produced in different host 
cells. In one embodiment, one of the two antibody chains is expressed in a first 
host cell and the other chain is expressed in a second host cell (Figure 11A). 
The antibody chains are then brought together under conditions in which 

10 pairing of the two doma ins will occur, thus outside of the cell. In one 
embodiment the pairing occurs in vitro, with purified chains and under 
conditions that are optimised for the pairing of the desired variable regions. In 
another embodiment the expression occurs via the use of one or two dummy- 
chains, temporarily paired to the respective variable regions, removing the 

15 dummies from their partner via a mild and controllable process, and pairing 
the appropriate unpaired variable regions to one another to form a functional 
binding site. In one embodiment applied to antibodies, this association is made 
easier by using heavy-light chain pairs mutated in one or the other chain to 
facilitate the process of the pairing, e.g. mutated in the Cysteine residue that 

20 normally forms the bridge between H and L chains (either both mutated, for 
example to Ser, or only one mutated and not the other), or mutations that have 
altered the affinity of one chain for the other, or, preferably mutations in the 
dummy chain used for the temporary pairing, in particular the one that pairs 
with the heavy chain; thus such dummy light chain will pair with a native, 

25 non-mutated heavy chain, and may carry mutations such that it can be readily 
removed from the purified antibody. 

An extension of this concept is that it is possible to produce antibodies 
using universal antibody chains (Figure 11B). The invention provides a 
method for expressing a shared, invariant variable region contained into the 

30 appropriate chain format (e.g. a VL-CL light chain) in a given host cell, and 
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the other chain (e.g. a heavy chain consisting of VH-CH1 or VH-CHl-hinge- 
CH2-CH3) that is dominant in or provides most or all of the specificity, in 
another host cell. For production of two antibodies, three chains need to be 
made, which can be assembled in vitro to form two different antibodies. For 
5 example if the light chain is identical, only one VL-CL domain will have to be 
made, and two VH-containing heavy chains. These can be then assembled 
extracellularly, preferably in vitro. Pairing of the variable regions will have to 
be optimal such that the proteinaceous mixture yields a high level of 
functional binding sites. The light chain can be used universally for all 

10 antibodies that will accommodate it (and antibodies accordingly selected if 
required). The heavy chain can be expressed in mammalian cells to provide a 
suitable glycosylation; for the light chains any suitable expression host cell can 
be chosen. When using this invention with the cross -over variants described in 
the previous section, in which the light chain is fused to the hinge and Fc, and 

15 the heavy chain variable region is provided as the lightest chain (as VH-CH1 
or VH-CL), sin important advantage of this set-up is apparent: the light chain 
fused to the Fc (depicted as 'constants chain in Figure 11B), with its 
functionally important glycosylation features, can be made as the universal 
chain. The heavy chain can carry the dominant features for the specificity, and 

20 a mixture of heavy chains which will mediate different binding specificities 
can now be made in a different host cell that doe^^t need to provide 
glycosylation. Such feature makes the production of mixtures possible in two 
steps: a cheaper prokaryotic expression can be used to make mixtures of 
variable regions each encoding a unique binding specificity, while the more 

25 expensive production of the other variable region that also requires most fine- 
analysis, can be done in a eukaryotic host. All antibodies that can pair with 
the latter variable gene without inflicting their overall specificity and affinity, 
can be produced by extracellular pairing with the sstme universal chain. The 
latter can be designed to be optimised for pharmaceutical applications: a 

30 broadly expressed, relatively common variable regicfci, with a minimal number 
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of MHC Class II epitopes, of human origin, and germline in sequence. This 
procedure of mixing can be done with separate heavy chain mixtures or with a 
mix of the different heavy chains; when applied to the IgG format as depicted 
in Figure 11B, the result is an antibody mixture without or with bispecifics, 
5 respectively. Manual mixing and pairing of variable region genes further 
provides much more control over the pairing, it can be done in a stepwise 
manner, per antibody, per group of antibodies etc. For some applications, for 
example where there is an absolute necessity to avoid the formation of 
bispecific antibodies in a complex mixture with three or more antibodie s, this 
10 method has an advantage over the cell line based approach. 

6. Controlling the expression of variable regions in the context of the 
production of multiple pairing variable regions in the same host cell 

Nucleic acids encoding variable region, e.g. from antibodies, can be 

15 co-expressed in the same cell to make mixtures of different functional binding 
sites. With appropriate pairing behaviour, a high level of functional binding 
sites will be present. It will however also be important to control the 
expression of the individual variable regions and their expression ratios, 
because this will effect the composition of the final antibody mixture. The 

20 expression level and the stability of the expression is a function of the site of 
integration of the transgene: if the transgene is integrated close to or within 
inaccessible chromatin, it is likely that its expression will be silenced. In this 
invention we describe the use for the production of mixtures of antibodies in 
the same cell, of elements that, when flanking the antibody genes, will 

25 increase the predictability of the expression level, the yield, and improve 

stability. Such elements can for example do this by counteracting chromatin - 
associated gene repression. Such anti-repressor elements provide a high level 
of predictability of expression, high levels of expression and stable expression 
over time, of the antibody mixture (Kwaks et al, 2003. Nat. Biotechnol 21:553). 

30 Such elements confer stable and high level expression of a given transgene as 
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shown in this citation, and in this invention we describe its use to mediate 
stable and high level expression for each individual copy of a mixture of 
transgenes, encoding multiple variable regions. A variety of such elements and 
other systems to achieve a similar result have been identified in the art, 
5 including Locus control regions (LCRs), chromatin opening elements, artificial 
chromosomes (e.g. ACE technology from Chromos Molecular Systems Ltd), and 
Ubiquitous Chromatin Opening Elements. For example, LCRs are 
transcriptional regulatory elements which possess a dominant chromatin 
remodelling and transcriptional activating capability conferring full 

10 physiological levels of expression on a gene linked in cis, when integrated into 
the host cell genome. In the following section the invention is described for 
'anti-repressor elements' but other, different control elements such as the ones 
mentioned and inasmuch as they provide the opportunity to regulate the high- 
level expression of multiple genes, may be equally suitable to achieve a 

15 controlled expression of the different variable regions. 

In one embodiment of the present invention, antibody mixtures are 
made from variable region pairs in which one dominates the binding, and the 
other is a shared variable region. In a preferred embodiment the first variable 
region one is the heavy chain, the second the light chain. In the preferred 

20 embodiment at least one of the antibody heavy chains is flanked by one anti- 
repressor element, or by two identical or two different anti-repressor elements 
located at either end of the heavy chain gene; in another embodiment more 
than one or possibly all of the heavy chain genes that need to be expressed are 
flanked by anti-repressor elements. In one embodiment the heavy chains are 

25 based on the same plasmid, in another they are on separate plasmids. In 
another embodiment CHO cells are used as host; in another embodiment 
PER.C6 cells are used. 

The manufacture of mixtures of antibodies expressed in the same 
cell line will require appropriate variable region pairing and also a stable 

30 expression level of all of the antibody chains involved, as well as a stable ratio 
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of the various chains, in such manner that the resulting antibody mixture 
after manufacture even at GMP conditions, has a stable composition. Such 
stable compositions can then translate into stable biological activity and stable 
toxicity profile. If the expression of only one antibody chain would change, it 
5 could affect the composition and therefore also alter its biological activity. The 
provision of elements that yield a more predictable and copy -number 
associated expression level is also important to build cell lines that express 
similar or even equimolar levels of different antibodies. If for example five 
antibody heavy chains have to be expressed, it will be very difficult to build a 

10 cell line that expresses all of these chains at similar quantities when using a 
random integration and selection approach without the anti -repressor 
elements. By using such elements, a higher copy number of antibody chains 
can be introduced without compromising the stability of the resulting cell line. 
Thus multiple antibody heavy chains can be introduced, where the number of 

15 integrated copies for each heavy chain will also to some level reflect its 

absolute expression level. With such elements it will be much easier and more 
rapid to alter the ratio's of expression levels between the heavy chains, for 
example by manipulating the ratio's of the DNAs encoding the heavy chains at 
the time of the transfection. 

20 This also explains the preferred incorporation of such anti -repressor 

elements in vectors to be used for creating antibody libraries and select 
antigen reactive antibodies from these pools (see section 4); anti-repressor 
elements preferably inserted in the expression vectors that incorporate the 
heavy chain, on figures 7,8 and 9. 

25 

7. Expression systems for multiple variable regions in the context of the 
production of multiple regions in the same host cell 

When expressing multiple variable regions inside the same cell, 
maximal productivity will be achieved only if the partners that need to be 
30 paired are co-expressed at an equivalent level, such that there is little chance 
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on what is essentially waste: the non-paired variable region. The composition 
of the mixture is influenced by manipulating any one of the parameters that 
affect the expression level achieved in the host cell. The expression level of a 
given component is a function of many factors including the regulatory 
5 sequences that drive the expression of the component, when the component is 
a heavy chain also the expression levels of the light chains, the choice of the 
host cell, the method of expression (transient or stable), and, for stable 
expression, the copy number and site of integration. The expression levels can 
further be affected by many parameters including choice of the transcriptional 

10 regulatory elements (including choice of promoter, enhancer, insulators, anti- 
repressors etc). The expression of the two light and heavy chains of the 
antibodies that are to be assembled from the mixture of the chains can be done 
independently for each of the chains, or made dependent from each other. 
The expression vector or vectors comprising the antibody genes of 

15 interest contain regulatory sequences, including for example, a promoter, 
operably linked to the nucleic acid(s) of interest. Large numbers of suitable 
vectors and promoters are known to those of skill in the art and are 
commercially available for generating the recombinant constructs of the 
present invention. Appropriate cloning and expression vectors for use with 

20 prokaryotic and eukaryotic hosts are described by Sambrook, et aL, in 

Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor, 
New York (1989), the disclosure of which is hereby incorporated by reference. 
The following vectors are provided by way of example. Bacterial: pBs, 
phagescript, PsiX174, pBluescript SK, pBs KS, pNH8a, pNH16a, pNHl8a, 

25 pNH46a (Stratagene); pTrc99A, pKK223-3, pKK233-3, pDR540, and pRIT5 
(Pharmacia). Eukaryotic: pWLneo, pSV2cat, pOG44, PXTI, pSG (Stratagene) 
pSVK3, pBPV, pMSG, and pSVL (Pharmacia). Promoter regions can be 
selected from any desired gene using CAT (chloramphenicol transferase) 
vectors or other vectors with selectable markers. Two appropriate vectors are 

30 pKK232-8 and pCM7. Particular bacterial promoters include lad, lacZ, T3, T7, 
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gpt, lambda P, and trc. Eukaryotic promoters include CMV immediate early, 
HSV thymidine kinase, Elongation-factor- la, early and late SV40, LTRs from 
retrovirus, mouse metallothionein-I, and various art-known tissue specific 
promoters. Methods well known to those skilled in the art can be used to 
5 construct vectors containing a polynucleotide of the invention and appropriate 
transcriptional/translational control signals. 

Mammalian expression vectors will comprise an origin of replication, a 
suitable promoter and also any necessary ribosome -binding sites, 
polyadenylation site, splice donor and acceptor sites, transcriptional 

10 termination sequences, and 5* flanking non-transcribed sequences. Expression 
regulatory sequences may comprise promoters, enhancers, scaffold-attachment 
regions, negative regulatory elements, transcriptional initiation sites, 
regulatory protein binding sites or combinations of said sequences. 
Alternatively, sequences which affect the structure or stability of the RNA or 

15 protein produced may be replaced, removed, added, or otherwise modified by 
targeting, including polyadenylation signals, mRNA stability elements, splice 
sites, leader sequences for enhancing or modifying transport or secretion 
properties of the protein, or other sequences which alter or improve the 
function or stability of protein or RNA molecules. In addition to the nucleic 

20 acid sequence encoding the diversified immunoglobulin domain, the 

recombinant expression vectors may carry additional sequences, such as 
sequences that regulate replication of the vector in host cells (e.g., origins of 
replication) and selectable marker genes. The selectable marker gene 
facilitates selection of host cells into which the vector has been introduced (see 

25 e.g., U.S. Patents Nos. 4,399,216, 4,634,665 and 5,179,017). For example, 

typically the selectable marker gene confers resistance to drugs, such as G418, 
hygromycin or methotrexate, on a host cell into which the vector has been 
introduced. Preferred selectable marker genes include the dihydrofolate 

reductase (DHFR) gene (for use in dhfr" host cells with methotrexate 
30 selection/amplification) and the neo gene (for G418 selection). 
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In an exemplary system for recombinant expr e^fcon of a modified 
antibody, or antigen-binding portion thereof, of the invention, a recombinant 
expression vectors encoding at least one antibody heavy or light chain is 
introduced into dhfr- CHO cells by calcium phosphate -mediated transfection. 
5 Within the recombinant expression vector, the antibody heavy or light chain 
gene is operatively linked to enhancer/promoter regulatory elements (e.g., 
derived from SV40, CMV, adenovirus and the like, such as a CMV 
enhancer/AdMLP promoter regulatory element or an SV40 enhancer/AdMLP 
promoter regulatory element) to drive high levels of transcription of the genes. 

10 The recombinant expression vector also carries a DHF^^ene, which allows for 
selection of CHO cells that have been transfected with the vector using 
methotrexate selection/amplification. The selected transformant host cells are 
cultured to allow for expression of the antibody heavy or light chains. In many 
instances the expression vector may contain both heavy and light chain genes, 

15 and co-transfection will lead to the production of intact ^tibody, recovered 
from the culture medium. Standard molecular biology techniques are used to 
prepare the recombinant expression vector, transfect the host cells, select for 
transformants, culture the host cells and recover the antibody from the culture 
medium. For example, some antibodies can be isolated by affinity 

20 chromatography with a Protein A or Protein G. 

The host of the present invention may also be a yeast or other fungi. In 
yeast, a number of vectors containing constitutive or inducible promoters may 
be used. For a review see, Current Protocols in Molecular Biology, Vol. 2, Ed. 
Ausubel et aL, Greene Publish. Assoc. & Wiley Interscienc^Ch. 13 (1988); 

25 Grant et aL, Expression and Secretion Vectors for Yeast, in Methods in 
Enzymology, Ed. Wu & Grossman, Acad. Press, N.Y. 153:516-544 (1987); 
Glover, DNA Cloning, Vol. II, IRL Press, Wash., D.C., Ch. 3 (1986); Bitter, 
Heterologous Gene Expression in Yeast, in Methods in Enzymology, Eds. 
Berger & Kimmel, Acad. Press, N.Y. 152:673-684 (1987); and The Molecular 

30 Biology of the Yeast Saccharomyces, Eds. Strathern et aL, Cold Spring Harbor 
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Press, Vols. I and 11 (1982). The host of the present invention may also be a 
prokaryotic organism, such as E.colL As a representative but nonlimiting 
example, useful expression vectors for bacteria can comprise a selectable 
marker and bacterial origin of replication derived from commercially available 
plasmids comprising genetic elements of the well known cloning vector 
pBR322 (ATCC 37017). Such commercial vectors include, for example, 
pKK223-3 (Pharmacia Fine Chemicals, Uppsala, Sweden) and pGEMl 
(Promega, Madison, WI, USA). 

Introduction of the recombinant construct into the host cell can be 
effected, for example, by calcium phosphate transfection, DEAE, dextran 
mediated transfection, or electroporation (Davis, L. et aZ., Basic Methods in 
Molecular Biology (1986)). 

DNA encoding the antibodies of the invention is readily isolated and 
sequenced using conventional procedures for cloning, DNA preparation and 
sequencing as described by Sambrook, et al, in Molecular Cloning: A 
Laboratory Manual, Second Edition, Cold Spring Harbor, New York (1989), 
the disclosure of which is hereby incorporated by reference. For sequencing 
oligonucleotide probes can be used that are capable of binding specifically to 
genes encoding the heavy and light chains of antibodies or to the vector 
sequences surrounding the gene fragments, and the DNA sequence determined 
by dideoxy-based sequencing (Sanger, F. et al. (1977) PNAS 74: 5463-5467). 
Once isolated, the DNA encoding appropriate regions of the antibody may be 
placed into expression vectors, which are then transfected into host cells. The 
host cell can be a higher eukaryotic host cell, such as a mammalian cell, a 
lower eukaryotic host cell, such as a yeast cell, or the host cell can be a 
prokaryotic cell, such as a bacterial cell. 

In one preferred embodiment, antibodies with pairing compatible 
variable regions are produced in mammalian cells. Preferred mammalian host 
cells for expressing the clone antibodies or antigen -binding fragments thereof 
include Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, 
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described in (Urlaub, G. et al (1980) PNAS 77: 4216-4220)), used with a 
DHFR selectable marker, e.g., as described in (Kaufman, R.J. et al. (1982) J 
Mol Biol 159: 601-621), lymphocytic cell lines, e.g., NSO myeloma cells and SP2 
cells, C127, 3T3, CHO, human epidermal A431 cells, Jurkat, U937, HL-60, 
5 mouse L-cells, Baby Hamster Kidney cells, COS or CV-1 cells, PER.C6 cells 
(Pau, M.G. et al. (2001) Vaccine 19: 2716-2721), other transformed primate cell 
lines, normal diploid cells, cell strains derived from in vitro culture of primary 
tissue, primary explants, and a cell from a transgenic animal, e.g., a 
transgenic mammal. For example, the cell is a mammary epithelial cell. Other 

10 cell types suitable for expression, in particular for transient expression, are 
simian COS cells (Gluzman, Y. (1981) Cell 23: 175-182), and Human 
embryonic Kidney cells of lineages 293, 295T and 911 (Hek293, 295T, 911). 

Alternatively, it may be possible to produce the antibody as 
fragment or as whole antibody in lower eukaryotes such as yeast or in 

15 prokaryotes such as bacteria (Simmons, L.C. et al. (2002) J Immunol Methods 
263: 133-147.). Potentially suitable yeast strains include Saccharomyces 
cerevisiae, Schizosaccharomyces pombe, Kluyveromyces strains, Candida, or 
any yeast strain capable of expressing heterologous proteins. Potentially 
suitable bacterial strains include Escherichia coli, Bacillus subtilis, Salmonella 

20 typhimurium, or any bacterial strain capable of expressing heterologous 
proteins. If the full antibody is made in yeast or bacteria as IgG, it may be 
necessary to modify the protein produced therein, for example by 
phosphorylation or glycosylation of the appropriate sites, in order to obtain the 
functional protein. Such covalent attachments may be accomplished using 

25 known chemical or enzymatic methods. Recombinant polypeptides and 

proteins produced in bacterial culture are usually isolated by initial extraction 
from cell pellets, followed by one or more salting -out, aqueous ion exchange or 
size exclusion chromatography steps. In some embodiments, the template 
nucleic acid also encodes a polypeptide tag, e.g., penta- or hexa-histidine. The 

30 recombinant polypeptides encoded by a library of diversity strands can then be 
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purified using affinity chromatography. Microbial cells employed in expression 
of proteins can be disrupted by any convenient method, including freeze-thaw 
cycling, sonication, mechanical disruption, or use of cell lysing agents. 

We describe here a method to directly relate the expression of the two 
5 partner variable regions that are required to pair in such manner that there is 
minimal waste (Figure 12). The nucleic acid encoding the first variable region 
is cloned into an expression cassette, such that it will be under the control of a 
given promoter (typically the strong CMV promoter or other), and such that its 
coding sequence is followed by an Internal Ribosome Entry Site (IRES) and the 

10 coding sequence of the transactivator of the tet responsive element (TRE) fused 
to the activation domain of the herpes simplex VP16 protein (tTa). The nucleic 
acid encoding the second variable region is cloned into an expression cassette 
such that its expression is regulated via an inducible promoter, for example 
the tet responsive element (TRE), existing of 7 copies of the prokaryotic 

15 tetracycline operator site fused to a minimal CMV promoter. When introducing 
both expression cassettes into the same cell (on different vectors or on same 
vectors, at the same time or one before the other), the following relation 
between the expression of the two variable regions will exist: expression of the 
first variable region, which is under control of for example a constitutive 

20 promoter, will lead to the expression of the tTa protein. This protein activates 
the TRE based promoter which will drive the expression of the second variable 
region. Thus the production of the second variable region is now dependent on 
the production of the first variable region. If these regions are required to pair, 
the production of the individual components of the pairing can be made 

25 dependent. 

When antibodies of the IgG-type are produced via a heavy and light 
chain, the production of the light chain can be made dependent on the 
production of the heavy chain.. Consider the preferred embodiment, the 
production in the same host cell of a mixture of antibodies which all share a 
30 pairing compatible light chain. The light chain gene is cloned under control of 
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the TRE element, while the heavy chains are all provided with the IRES and 
tTa gene, as described above. In the host cell, every individual heavy chain 
that is expressed will then trigger the production of more partner light chain. 
This is important, because with multiple heavy chains being expressed, it is 
5 likely that the level of light chain may become limiting, and that the excess of 
unpaired heavy chain will induce possibly toxicity in the host cell (as has been 
described for B-cells). This concept is also applicable to the embodiment 
described in section 4, for the selection of antigen -reactive antibodies from 
pools made in eukaryotic cells. Other promoter-transactivator systems have 

10 been described and are applicable in this concept also. In the same application 
field, in those cases where the ratios of two particular heavy chains needs to be 
controlled or fixed, this method of dependent-expression may be used to link 
the expression of two heavy chains. 

Generally a large numbers of suitable vectors and promoters are known 

15 to those of skill in the art and are commercially available for generating the 
recombinant constructs of the present invention. The following vectors are 
provided by way of example for the expression in eukaryotic cells of two or 
three antibodies that share a light chain sequence. The antibody chain 
encoding genes are cloned into expression cassettes that provide all regulatory 

20 and secretion signals which are typically used for antibody expression, as 
depicted in Figure 20. In a first embodiment, the expression of multiple 
antibody heavy chains is made dependent on one another in the following way. 
In the first embodiment, the nucleic acid encoding the first heavy chain (HI) is 
cloned into an expression cassette, such that it will be under the control of a 

25 given promoter (typically the strong CMV promoter or other), and such that its 
coding sequence is followed by an Internal Ribosome Entry Site (IRES). This is 
immediately followed by a second antibody heavy chain coding region (H2, as 
depicted in Figure 21). The Pi promoter will now drive the expression of HI 
and H2, leading to an approximate 1:1 expression ratio between these two 

30 protein; often though the second coding region is slightly less well expressed. 
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Thus if the expression ratio has to be steered towards a predefined range, the 
use of IRES sequences is particularly useful. This predefined range is 
influenced among other factors by the nature of the IRES sequence, and 
different IRES sequences will mediate different final ratios. Similarly the 
5 expression ratio between three antibody heavy chains can be linked to one 
another by using a tricistronic expression cassette, in which the previous 
described cassette is followed by another IRES and Heavy chain coding region. 
Examples of tricistronic expression systems and of IRES sequences and 
configurations are described for other systems in the literature (Li et al, J. 

10 Virol. Methods 115:137-44 ; When et al, Cancer Gene Therapy 8:361-70; 
Burger et al 1999, Appl. Microbiol. BiotechnoL 52:345-53). In these 
embodiments the shared antibody light chain can be provided on a separate 
expression plasmid, on one or more of the vectors that carry on or multiple the 
antibody heavy chains, or can be already expressed by the host cell used for 

15 the transfection with the heavy chain expression vector or vectors. 

In another embodiment, antibody heavy genes are sequentially 
transfected into the host cell. First we consider the embodiment for libraries of 
cells that produce mixes of 2 antibodies. Cells are transfected with the two 
antibody genes cloned into different vectors but the transfection is done 

20 sequentially in time. For example the antibody heavy and light chain encoding 
regions of the first antibody are introduced into the host cell, and stable 
transfectants expressing this antibody identified and isolated. The antibody 
genes encoding a second antibody, in which the variable regions are pairing- 
compatible, are transfected into the host cell that already expresses the first 

25 antibody genes at high level. This procedure of carrying out sequential 

transfections (and if appropriate selections of integration in between) is also 
suitable for making collections of mixture with up to 4-5 different antibodies. 
To increase the number of cell clones expressing multiple antibodies, the 
vectors carrying the genes encoding the antibody genes, also carries a unique 

30 selection marker, such that transfected cells that have integrated the vector 
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sequence can be readily selected and antibody expressing clones identified. As 
an alternative embodiment for making cells that express multiple antibodies 
with compatible pairing, the following procedure is used. First, as before, cell 
clone is produced that expresses one set of antibody chains (this can be one H 
5 and one L or multiple H and one L, for example) and is selected on the basis of 
a first selection marker. In parallel, a cell clone is produced thit expresses 
another subset of antibody chains (for example one or more otroy H and one L) 
and that is selected on the basis of a different selection marker (for example, 
neo, gpt, zeo, bdl, etc). These cell clones are then fused and selected for the 

10 presence of both of the selective markers. Methods for cell fusion are 

extensively described in the literature and known to those working in the field; 
they are similar to those described in Norderhaug et al, 2002 (Eur. J. Biochem 
269:3205- 10).The hybrid cells have the potential to express all cjjj^he antibody 
chains. Similarly, this procedure can be repeated if collections of larger 

15 numbers of antibody chains have to be made. Further, the use of cell 

populations rather than cell clones, in this sequential transfection or cell- 
fusion approach, provides a method for achieving large collections of cells that 
express the antibody chains at different ratios. 

In one embodiment the proteinaceous molecule's coding re^i or 

20 regions are flanked by sequences that mediate site-directed integration into 
the host cell genome (as depicted in Fig. 20). Without these, integration of 
transgenes occurs at random and, usually, several copies of the transgene are 
integrated at the same time, sometimes in the form of a head -to-tail tandem, 
with the site of integration and the number of copies integrated varying from 

25 one transfected cell to another. The use of recombination sites as depicted in 
Figure 20 allows he precise site of integration to be targeted by hoijj^gous 
recombination between vector and host cell genome. This provides a means to 
insert the coding region into a site of high transcriptional activity, with the 
option to provide a promoter in the transgene or use the one that is present at 

30 the site of integration. With random or homologous recombination-mediated 
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insertion of the antibody chain encoding nucleic acids is meant any insertion 
into the genome of the host cell, or into the nucleic acids in a subcellular 
organel, or into an artificial chromosome. 

Preferred embodiments are to employ per expression vector used in 
5 the library construction not more than 3 antibody heavy chain coding regions 
and preferably 2 per vector. Preferably plasmids do not contain more than 3 
promoters and 3 IRES sequences and not more than 6 STAR or MAR elements. 
It is preferred to limit the expression vector's size to 20kb and if more binding 
sites than 5 are required in the mix, and these cannot be functionally encoded 
10 in a plasmid that is less than 20 kb in size, to use two or more different 
plasmids. 

MARs and STARs can be positioned on either side of the DNA 
sequence to be transcribed. For example, the elements can be positioned about 
200 bp to about 1 kb, 5' from the promoter, and at least about 1 kb to 5 kb from 

15 the promoter, at the 3' end of the gene of interest. In addition, more than one 
element can be positioned 5' from the promoter or at the 3' end of the 
transgene. For example, two or more elements can be positioned 5' from the 
promoter. The element or elements at the 3' end of the transgene can be 
positioned at the 3' end of the gene of interest, or at the 3'end of a 3' regulatory 

20 sequence, e.g., a 3' untranslated region (UTR) or a 3' flanking sequence. 

Chromatin opening elements can be flanking on both ends of the expression 
cassette (Fig. 21D), or placed 5' of the expression cassette (Fig 21C). In 
particular when multiple regulatory elements such as STAR and UCOs have 
to be introduced into one and the same plasmids, preferably elements are used 

25 that have activity towards both ends of the element such that they can be 
provided in the middle of an expression cassette (Fig. 21C). Since MARs have 
also been reported to function when cotransfected in trans with the transgene 
(Zahn-Zabel et al. (2001) J. Biotechnology 87:29-42), they have the advantage 
that no DNA-cloning step is required to physically link them to SPCBP 

30 expression cassette(s). In that case size of the MAR element or of the 
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expression vector carrying the SPCBP cassettes is no longer a limitation. 
Nevertheless, MAR elements as small as 1.3 kb have been described, thus 
multiple in cis inclusions are feasible. MARs have also been reported to be 
added both in cis and in trans, and in this configuration increase expression 
5 levels of antibodies in CHO cells 14-fold. One other function of these elements 
besides their effect on stability is that they will also increase the number of 
independently transformed cells that express the protein and promotes higher 
amounts of the recombinant protein. Clone isolation and production levels are 
overall higher, thus in a preferred embodiment this invention is practiced by 
10 using these elements for making large collections of cell lines producing 
compositions comprising multiple functional binding sites. 



15 8. Proteinaceous mixtures with multiple effector regions and multiple types of 
binding sites 

The invention can be used to create compositions of proteinaceous 
molecules that have multiple effector regions. In the case of antibodies, 
compositions are included that display one or more antigen binding regions in 

20 combination with two or more natural effector regions. Examples are the 

effector regions encoded by IgGl and IgG4, which have for example different 
binding regions for Clq and the various Fc-receptors based within their 
encoding constant regions. Such mixtures may be clinically more effective than 
their mono-effector compounds: the mixture combines multiple and maximal 

25 natural effectors, which for various reasons are never present in the one 

natural antibody isotype, and the mixture thus mimics much more closely the 
natural pleiotropy of immune effectors that a single antigen/pathogen will 
evoke when our immune system encounters it. Some formats are IgGl and 
IgG4, or IgG and IgM, or IgGl and Fab, or IgG and IgA, or IgA and IgM, or 

30 IgGl-cytokine fusion and alike. Instead of making such proteins in different 
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hosts, the co-expression of such different antibody formats, all associated with 
the same binding site (or possibly multiple binding sites but related to one 
target and preferable to one disease or indication), allows the direct production 
of cocktails of antibodies with different effectors. Such mixtures are more 
5 efficacious in their biological activity. 

Besides antibodies, recent protein engineering techniques have 
allowed the production of binding sites with predetermined specificity using 
similar but also sometimes using very different structures. For example 
antigen-specific ligands have been created using phage, bacterial, ribosomal or 

10 yeast display methods, from libraries of protein variants, in which the protein 
at some positions was variegated using random or oligonucleotide -based 
mutagenesis, but the main scaffold of the native protein maintained in the 
variants. Proteins for which has been already applied include the protein Z 
domain of Protein A, a variety of Kunitz domains, lipocalins, Green 

15 Fluorescent protein, one of the fibronectin domains, other domains of the 
immunoglobulin superfamily, and ahkryns. Such antibody mim ics are thus 
proteinaceous molecules with a non-natural binding activity, obtained for 
example by engineering into the molecule one or more residues or regions with 
variegated sequences, at either defined or random positions, and identifying 

20 the molecule with appropriate antigen binding properties by screening or 

selection processes. Examples of the processes are high-throughput screening 
for antigen binding by ELISA, or selection methods described in the literature 
such as in vitro display methods such as ribosome and puromycin display, 
cellular or viral display methods such as filamentous phage, lambda phage, 

25 bacterial, yeast, or eukaryotic cell display. The resulting proteinaceous 

molecules with the new binding site is an antibody mimic in the sense that it 
will contain a binding region for antigen at the position where it was initially a 
variable region, similar to an antibody molecule with two variable regions. 
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9. Making com positions of multiple proteinaceous compound s with different 
binding specificities. 

Recombinant DNA technology provides methods well known in the 
art to clone the variable region genes, and produce cell lines expressing the 
5 recombinant form of the antibody. In particular the properties of antibodies 
are being exploited in order to design agents that bind to human target 
molecules, so-called, "self-antigens", and to antigens of viral or bacterial 
diseases. For example, a number of monospecific antibodies have been 
approved as human therapeutics. These include Orthoclone OKT3, which 

10 targets CD 3 antigen; ReoPro, which targets glycoprotein Ilb/IIIa; Rituxan, 
which targets CD20; Zenapax and Simulect, which target interleukin-2 
receptors; Herceptin, which targets the HER2-receptor; Remicade and Humira, 
which target tumour necrosis factor; Synagis, which targets the F protein of 
respiratory syncytial virus; Mylotarg, which targets CD33; and Campath, 

15 which targets CD52. 

For many clinic al applications the efficacy of the treatment would 
increase if combinations of monoclonal antibodies are used. An oligoclonal 
preparation can be made by mixing individual recombinant antibodies which 
each have been made by conventional procedures, which includes the 

20 expression and purification of the individual recombinant or hybridoma- 

derived monoclonal antibodies, and the subsequent mixing of these molecules. 
The pharmaceutical development of separately produced and then mixed 
monoclonal antibodies is inhibitively expensive. Recombinant monoclonal 
antibodies of the IgG isotype are commonly made by co -expression of the 

25 nucleic acid sequences encoding the heavy and light chain of the antibody in 
the same host cell, yielding a monoclonal antibody, bearing two identical 
binding sites. The production of several antibodies from individual cell lines 
each making one antibody (and in which each cell line is controlled for stability 
of expression and consistency), is not economical with present biotechnological 

30 production methods. 
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One approach to combine monoclonals is to combine the binding 
sites in one molecule, hence creating a multispecific antibody. This allows the 
targeting of multiple epitopes on the same antigen, or of multiple antigens on 
the same target entity (e.g. a cell, a virus, a bacteria, an antigen), or of 
5 epitopes on different entities, providing a bridge between these entities. Of the 
multispecific antibodies, bispecific antibodies have been investigate d the most, 
for targeting therapeutic or diagnostic entities to tumour cells, e.g. a cytotoxic 
T-cell, an NK cell, a chelator that carries a radionuclide. But in the bispecific 
antibody the two binding sites are always covalently coupled to one another, 

10 which limits the flexibility and use of such compounds. Further, many of the 
recombinant bispecific antibodies (e.g. Fab-scPv fusions, diabodies, double- 
single-chain F^s) lack the provision of the antibody's Fc region. Since Fc- 
dependent effector mechanisms such as ADCG are important for the efficacy of 
many antibodies (e.g. Rituxan and Herceptin), it will be important to maintain 

15 this region in the multispecific molecule. 

The alternative approach is to use polyclonal antibodies comprising 
the entire immune response of a host to an immunogen. Polyclonals derived 
from the pooled serum from immunized animals or from selected humans have 
been used therapeutically e.g. for passive or active immunization, e.g. anti- 

20 rhesus D, anti-digoxin, anti-rabies, anti-snake venom polyclonals, and in some 
instances work more effectively than a comparable monoclonal, e.g. Sangstat's 
rabbit polyclonal against thymocytes versus Simulect™. Drawbacks for the 
use of polyclonal antibodies are the risk of infectious agents (viruses, prions, 
bacteria) in these often pooled preparations, but also the variability in efficacy, 

25 the limited availability, the immune response directed to the preparation if the 
polyclonal is non-human, and the abundance of non-relevant antibodies in 
these preparations. Polyclonals have also been made using recombinant 
methods, but again, the production of large arrays of antibodies from 
individual cell lines each making one antibody, is not economical with present 

30 biotechnological production methods. The production of the polyclonal antibody 
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mixture by cultivating the many different cell lines in batch would be even 
more affected by differences in stability, growth and production rate, 
differences in purification yield etc. 

The present invention provides methods to produce mixtures of 
5 antibodies, preferably by expression from a single host cell, using antibodies 
with variable regions that appropriately pair with one another to yield ^» 
essentially solely functional binding site combinations. The methods to obtain 
such antibodies were described earlier. The resulting variable regions can thus 
be co-expressed in biotechnologically viable and simple procedure, and a 

10 mixture of antibodies isolated using methods known in the art. 

After selection of antibodies with the appropriate pairing behaviour 
(such as antibodies with pairing compatible variable regions, co -expression 
compatible elements etc as described above), the antibody variable region 
genes are cloned into expression vectors that will direct the expression of an 

15 antigen binding fragment in for example the following format: Fab, Fab', 

Fab'2, IgG, IgM. In many instances the use of antibodies with for exampl^^ 
pairing compatible variable regions simplifies the DNA constructs that 
mediate the expression of the particular antibody format. For example, for the 
expression of two different antibodies as Fab' 2 fragments in which one of the 

20 two antibody chains is the pairing compatible variable region, only three 
antibody chains instead of the normal 4 have to be expressed to form two 
different binding sites. Such simplified expression constructs can lead to a 
more stable and more readily controlled expression system, and increase 
functional yields by minimizing problems associated with mispairing of heavy 

25 and light chain domains. 

The mixture may contain a given selection of antibodies, recognizing 
epitopes on the same or different targets; examples are given below. A new 
application is the use of mixture containing antibodies specific for complexes 
formed by another antibody bound to a given target. Both of the antibodies can 

30 be provided in the mixture, providing a first antibody to bind the antigen, and 
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a second one to 'seal' the first interaction, providing the antibody mixture with 
an increase in overall affinity and specificity. Another embodiment of the 
invention is to use asymmetrically paired antibody molecules in the mixture 
such that the effector functions of the resulting mix is altered. The purpose of 

5 such mixing is to alter the properties of the effector mechanism of the 
individual antibodies in the mixture, in an antigen -specific / binding site 
directed manner, for example the monospecific antibodies may each have a 
different effector from the bispecific components present in the mixture. 
Consider the next example, a mixture of two antibody binding sites formatted 

10 as Oligoclonics™ in the IgG-format, composed of the heavy chain gamma-1 

heavy chain for one antibody variable region and the gamma-4 heavy chain for 
the other antibody variable region. The Oligoclonics™ mixture will contain the 
two monospecific antibodies, which will be either an IgGl or an IgG4 isotype 
and display their respective effector functions, and also a hybrid dimer of 

15 gamma-1 and gamma-4, with altered or lost effector functions. Since many Fc 
receptors bind in an asymmetric manner to the symmetrically arranged Fc 
region, asymmetric Fc regions often will loose interactions with Fc receptors 
and thus ADCC or other activity. Mutants of Fc regions with for example 
mutations in the Fcgamma-Receptor motif (residues 233-238 in the CH2- lower 

20 hinge region), or mutants with reduced Clq binding, or mutants with 

exchanged or shortened hinge, or with domains exchanged by other domains of 
the immunoglobulin heavy chain family, or Fc regions optimised for their 
interaction with particular Fc regions (e.g. improved binding to the activating 
receptor FcgammaRIII and/or decreased binding to the inhibitory receptor 

25 FcgammaRIIb), can also be used for the assembly of such asymmetric Fc 

regions. Applications of such asymmetric pairs are providing in a mixture one 
compound but not others with a particular effector function, or to remove an 
effector, for example in the bispecific or monospecific compounds. 
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10. Examples of uses of compositions of multiple proteinaceous compounds 
with different binding specificities. 

There are applications for mixtures of different binding sites on the 
same antigen, for mixtures of different binding sites on different antigens, for 
mixtures of different binding sites on different antigens on the same or 
different target. As an example of use of a mixture in the treatment of a viral 
disease, the example of Hepatitis B virus (HBV) infection is discussed. 
Recombinant HBV vaccines provide a safe and effective means for prevention 
of HBV conferring long-term immunity through active immunization. In 
contrast to the slow onset of protection following this vaccination, passive 
immunotherapy with antibodies to HBV provides immediate but short-term 
protection against viral transmission and infection. Antibodies are believed to 
inhibit infection by blocking HBV from entering into cells. Such passive 
immunotherapy is advisable for individuals who were exposed to HBV -positive 
material (needle or cut injuries) and for newborns to mothers who are HBV 
carriers, for patients undergoing liver transplantation. At present such 
treatment is carried out with Hepatitis B immunoglobulin, a plasma derived, 
polyclonal antibody preparation obtained from donors who were anti-hepatitis 
B surface antigen antibody-positive. The availability of this serum is limited 
and further pricing and safety concerns regarding the use of blood products, 
make the development of an alternative treatment necessary. A human 
monoclonal antibody would be advantageous by presenting a stable and 
reproducible source for prolonged immunotherapy. However, studies show that 
a monoclonal antibody directed to the S antigen and neutralizing capacity 
against HBV in chimpanzees delayed but not prevented the infection with 
HBV. In part this may be caused by the emergence of escape variants, mutants 
in the S-antigen that can no longer be bound by the monoclonal antibody. 
Similarly, escape mutants arise in patients after liver transplantation in 
clinical trials with monoclonal antibodies. Therefore treatment with a single 
monoclonal antibody may be inefficacious and insufficient. Follow-up studies 
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have involved mixtures of human monoclonal antibodies. Studies carried out 
by XTL Biopharmaceuticals and colleagues show that a mixture of two 
antibodies is more effective in reducing viral load and inhibiting HBV infection 
in animal model systems than a polyclonal mixture. This indicates that the 
5 potency of a polyclonal humoral imm une response can be deconvoluted to a few 
antibodies, and that a defined mixture of a few antibodies should work as well 
or better than some polyclonal preparations. A mixture of two antibodies 
recognizing different epitopes on the viral surface was thus shown to be more 
effective in the prevention of HBV reinfection. 
10 In another example of use of a mixture of monoclonal antibodies in 

the treatment of a viral disease, the example of the Human Immunodeficiency 
Virus type-1 (HTV-1) is discussed. Infection with HTV-1 will lead to the 
development of the Acquired Immunodeficiency Syndrome (AIDS) if left 
untreated. During infection with HIV-1, neutralizing antibodies that are 
15 directed against diverse epitopes on the HTV-1 envelope glycoprotein molecules 
gp41 and gpl20 develop. In a clinical trial published in 1992, the 
administration of HTV-1 seropositive plasma containing high titres of HTV 
neutralizing antibodies, was associated with a reduction in HTV-1 viremia and 
a number of opportunistic infections. Several groups have subsequently 
20 published that administration of HIV-1 seropositive plasma results in delay of 
the first AIDS-defining event and improvement of clinical symptoms. However, 
enthusiasm for passive immunotherapy declined when it was found that 
antibodies failed to eliminate the virus and resulted in the emergence of 
neutralization escape variants in patients. It was demonstrated that the 
antibodies that are induced during natural HIV-1 infection poorly neutralize 
the virus, resulting in a low potency of hyperimmune sera used for passive 
immunotherapy of HTV-1 infection. In addition, it was demonstrated that some 
antibodies that arise during natural infection can even enhance the infection. 
It was realized that for antibody therapy of HIV-1, potent and well- 
characterized neutralizing monoclonal antibodies were needed. 
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These early findings spurred the development of human monoclonal antibodies 
against HTV-1 envelope glycoproteins. In recent years, a number of human 
monoclonal antibodies against the HTV-1 gp41 and gpl20 viral coat 
glycoproteins have been isolated and characterized for their virus neutralizing 
5 activity in vitro. Subsequent experiments in non-human primate models of 
HTV infection and transmission have shown that human monoclonal 
antibodies targeting different HTV-1 envelope glycoprotein epitopes exhibit 
strong synergy when used in combination. It has been suggested that 
combinations of human anti-HTV monoclonal antibodies can be exploited 

10 clinically for passive immunoprophylaxis against HTV-1. 

The third example relates to the Rabies field. Rabies is an acute, 
neurological disease caused by the infection of the central nervous system with 
rabies virus, a member of the Lyssavirus genus of the family of Rhabdoviridae. 
Almost invariably fatal once clinical symptoms appear, rabies virus continues 

15 to be an important threat to human and veterinary infection because of the 
extensive reservoirs in diverse species of wildlife. Throughout the world, 
distinct variants of rabies virus are endemic in particular terrestrial animal 
species, with relatively little in common between them. Rabies virus is 
characteristically bullet-shaped, enveloped virion of single -stranded negative 

20 sense RNA genome and five structural proteins. Of these a suitable target for 
neutralization is the viral glycoprotein (G). Antigenic determinants on G vary 
substantially among the rabies virus strains. Prompt treatment after infection 
consists of passive and active immunotherapy. For passive immunotherapy 
mostly pooled serum of rabies immune individuals or immunized horses is 

25 used, but with a risk of contamination with known or unknown human 

pathogens, or the risk of anaphylactic reactions, respectively. In addition, anti- 
rabies immunoglobulin is expensive and may be either in short supply or non- 
existent in most developing countries where canine rabies is endemic. There is 
therefore a need for compositions and methods for producing mixes of 

30 antibodies, preferably human antibodies, to use in passive immunotherapy of 
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Rabies infections. A number of human monoclonal antibodies made by fusion 
of Epstein-Barr Virus transformed, rabies-virus specific human 
heterohybridomas have been made (Champion et al, J. Immunol. Methods 
(2000) 235:81-90). A number of virus-neutralizing antibodies derived from 
5 these antibodies have also been cloned (PCT/IS02/26584 and PCR/US01/14468 
and Morimoto et al (2001), J. Immunol. Methods 252:199-206). Several other 
rabies-neutralizing monoclonal antibodies have been described in the art, 
which could also be used in the experiments below. As indicated in these 
publications, a mix of different rabies -neutralizing human antibodies would be 

10 an ideal reagent for passive immunotherapy of Rabies. 

In general for viral diseases, the functional assembly of mixes of 
anti-viral antibodies may increase the clinical efficacy of the treatment when 
compared to monoclonal therapy, by decreasing the probability of viral escape 
mutants resistant to treatment, and by reducing the likelihood of viral 

15 resistance with prolonged therapy. In the mixture, antibodies may be included 
that bind to many different epitopes of the virus. It may also be feasible to 
include antibodies to different subtypes of the virus, to broaden the utility of 
the drug for a wider patient population. Further anti-viral antibodies directed 
to linear epitopes may be added, which may be less prone to the effect of 

20 escape mutants than conformation-dependent antibodies. The effect of 
multiple binding specificities present in the antibody mix can provide a 
stronger signal for viral clearance than when a monoclonal antibody is used. 
There are also applications for mixtures of essentially one binding site with 
different fine-specificities for binding its antigen. For example, when the 

25 antigen is prone to mutation as is the case with many viral antigens, in the 
course of a treatment the epitope on the antigen may be altered such that the 
binding of the original antibody is lost. When using a mixture, e.g. based on 
the same heavy chain paired with a small set of light chains that provide a 
range of fine-specificities, there is possibility that the mutations will affect the 

30 binding of some species in the mixture, but not of others with a different 
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binding chemistry mediated by the pairing compatible variable region. In such 
a case it will be preferable to use distinct binding chemistries for the 
interaction with the antigen, thus the pairing compatible variable regions 
should be as unrelated as possible in sequence. Alternatively antibodies can be 
used that use very different binding site chemistries by having unrelated 
heavy and light chain variable regions, but display exclusively pairing 
behaviour such that their production in the same cell yields mainly functional 
binding sites. Such mixtures are preferably more active than the individual 
components, and in some case will act synergistically. 

In the Oligoclonics™ format, antibodies of the IgG isotype are made 
by co-expression of the light and heavy chain genes with appropriate pairing 
behaviour in the same host cell. The result of this process is a mixture of 
different proteins, the monospecific bivalent antibodies which carry two 
identical binding sites, and bispecific antibodies, carrying two different 
binding sites. There will be occasions where the presence of this bispecific 
antibody class will further enhance the efficacy of the antibody mixture. Only 
when there are multiple epitopes present on the antigen or microorganism, 
and these epitopes are presented in the correct positioning, will a monoclonal 
antibody of the IgG isotype for example be able to bind both of its binding Fab- 
arms to the antigen. In many instances where the antigen is a monomer or a 
small multimer, like cytokines, interleukins and interferons, mostly only one 
arm of a monoclonal IgG antibody will be binding the antigen. The bispecific 
component of the Oligoclonics™, provides a new opportunity to bridge 
neighbouring epitopes, and form a highly avid binding antibody. Pairs that 
have this behaviour may be selected using the methodologies of screening 
mixtures of antibodies as disclosed herein. Besides this avidity advantage, 
bispecific molecules may also cross-link receptors that mono-specific yet 
bivalent antibodies in the same mixture cannot cross -link. Oligoclonics™ may 
thus provide a antibody mixture that per unit of mass will more effectively 
neutralize viruses, cytokines, toxins etc when compared to monoclonal 
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antibodies, and in specific cases, for example with an avidly binding bispecific 
component or receptor-cross-linking or other unique mechanism mediated by 
the bispecific antibody, also compared to mixtures of monoclonal antibodies. 
The bispecific compounds are also useful to explore routes traditionally 
5 developed with bispecific antibodies, such as the retargeting of immune 

effector molecules or cells such as T-cells, complement proteins and Fc-receptor 
expressing cells to tumour cells or pathogens. 

Thus mixtures of antibodies may be suitable to fight pathogens 
including viruses like HIV and Rabies, bacteria, fungi and parasites. Other 

10 examples where a polyclonal serum or gamma-globulin is currently used that 
could be replaced with a defined antibody mixture, include such diseases as 
rabies, hepatitis, varicella -zoster virus, herpes or rubella. Bacterial diseases 
that could be treated with antibody mixtures include Meningitis, diseases 
caused by Staphylococcus, Streptococcus. Hemophilus, Nesseria, Pseudomonas 

15 and the actinomycetes. Targets may also include those involved in bacterial 
sepsis such as lipopolysaccharide (LPS), lipid A, tumour necrosis factor alpha 
or LPS binding proteins. Some of these pathogens occur in multiple serotypes 
and not one but multiple antibodies are required to neutralize the various 
serotypes. A mixture of antibodies will provide, by the choice of the binding 

20 specificities, a wider coverage of serotypes that may be treated and therefore 
more patients can be treated with the same antibody mixture. The mixtures 
for this and other reason can form also suitable diagnostics and part of 
diagnostic kits for the detection of a disease or disorder in patient. 

Mixtures of antibodies may be more effective than monoclonal 

25 antibodies also in the treatment of oncological diseases such as non-Hodgkin's 
lymphoma (NHL) and epithelial cell tumours like breast and colon carcinoma. 
Targeting both CD20 and CD22 on NHL with antibodies has already been 
proven to be more effective than targeting the tumour cells with the individual 
antibodies. Suitable target antigens for antibody mixtures in oncological 

30 diseases are many, including CD19, CD20, CD22, CD25 (IL-2 receptor), CD33, 
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the IL-4 receptor, EGF-receptor, mutant EGF receptor, Carcino-Embryonic 
Antigen, Prostate Specific Antigen, ErbB2/HER2, Lewis? carbohydrate, 
Mesothelin, Mucin- 1, the transferrin receptor, Prostate Specific Membrane 
Antigen, VEGF and receptors, EpCAM and CTLA-4. Synergistic effects may be 
5 seen when using antibodies that bind different targets and pathways in the 
disease, such as antibodies with anti-angiogenesis and antiproliferative 
effects. There are also applications in this field for a mixture of essentially one 
binding site with different affinities for binding its antigen. For example, the 
efficiency of in vivo solid tumour penetration is limited for high affinity 

10 antibodies due to the binding site barrier, yet a minimal affinity is required to 
achieve a substantial accumulation in the tumour. With the methods described 
in this document, a mixture of antibodies can be established, e.g. based on the 
same heavy chain paired with a small set of light chains yet appropriate 
pairing behaviour that provide a range of affinities when paired with the 

15 heavy chain. Such mixtures can be used to increase the accumulation in the 
tumour, and the best balanced cocktail found by choosing the components and 
their expression levels. Such mixtures are preferably more active than the 
individual components, and may act synergistically. 

Mixtures of antibodies may also be suitable to neutralize multiple 

20 different targets, for example in the field of inflammatory diseases, where 
multiple factors are involved one way or another in mediating the disease or 
aggravating its symptoms. Examples of these diseases are rheumatoid 
arthritis, Crohn's disease, multiple sclerosis, insulin -dependent diabetes, 
mellitus and psoriasis. Optimal treatment of many of these diseases involves 

25 the neutralization or inhibition of circulating pathological agents and/or those 
on the surface on cells targeted in the specific inflammatory response in the 
patient. In autoimmunity and inflammatory diseases suitable targets are 
generally interferons, cytokines, interleukins, chemokines and specific 
markers on cells of the immune system, and in particular alpha interferon, 

30 alpha interferon receptor, gamma interferon, gamma interferon receptor, 
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tumour necrosis factor alpha, tumour necrosis factor receptor, HLA-class II 
antigen receptor, interleukin-lbeta, interleukin-lbeta receptor, interleuking-6, 
interleukin-6 receptor, interleukin-15, interleukin-15 receptor, IgE or its 
receptor, CD4, CD2, and ICAM-1. 
5 Mixtures are also suitable for the neutralization of effects mediated 

by agents of biological warfare, including toxins such as Clostridium 
botulinum derived botulinum neurotoxin, Anthrax, smallpox, hemorrhagic 
fever viruses and the plague. The neutralization of the botulinum toxins is 
discussed here as an example. The botulinum toxins, the most poisonous 

10 substances known, cause the paralytic human disease botulism and are one of 
the high-risk threat agents of bioterrorism. Toxin neutralizing antibody can be 
used for pre- or postexposure prophylaxis or for treatment. Small quantities of 
both equine antitoxin and human botulinum immune globulin exist and are 
currently used to treat adult and infant botulism. Recombinant monoclonal 

15 antibody could provide an unlimited supply of antitoxin free of infectious 

disease risk and not requiring human donors for plasmapheresis. A panel of 
human and murine monoclonal antibodies was generated from the B 
lymphocytes of hyperimmune donors and immunized mice using phage 
antibody display technology. Single monoclonal antibodies and combinations 

20 were tested for their capacity to protect mice from lethal doses of neurotoxin 
(Nowakowski, A. et al. (2002) PNAS 99: 11346-11350.). Whereas single 
monoclonal antibodies showed no significant protection of the mice against 
lethal doses of toxin, combinations of only three monoclonal antibodies against 
different epitopes on the toxin gave very potent protection. The combination of 

25 three monoclonal antibodies neutralized 450,000 lethal doses of botulinum 
toxin, a potency 90 times greater then human hyperimmune globulin. 
Importantly, the potency of the monoclonal antibody mixture was primarily 
due to a large increase in functional antibody binding affinity. Thus, methods 
that allow the cost-effective, controlled and efficient production of mixtures of 

30 monoclonal antibodies against botulinum neurotoxin provide a route to the 
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treatment and prevention of botulism and other pathogens and biologic threat 
agents. As shown in this study, a mix of three antibodies that bound non- 
overlapping epitopes on botulinum neurotoxin, had a synergistic effect on toxin 
neutralization due to a increased overall avidity. 
5 Mixtures of antibodies may be further applied to delay the onset of 

anti-idiotype responses in patients, by providing multiple idiotypes of an 
antibody family, all binding to the same target, in the simplest form amino 
acid mutants of the same antibody with a resulting similar binding specificity 
and affinity, to a more complex mixture of multiple antibodies directed to the 

10 same epitope. 

Mixtures of antibodies can also be applied to develop derivatives of 
the protein mixtures, including immunotoxins, immunoliposomes, radio- 
isotope labelled versions, immunoconjugates, antibody -enzyme conjugates for 
prodrug-therapy (ADEPT), an immunopolymers (Allen, (2002) Nat Rev Cancer 

15 2: 750-763). The mixes of the antibodies can either be modified in batch with 
the appropriate substance^v^—^be genetically fused to a toxin or enzyme 
encoding gene as described in the art for monoclonal antibodies. 



20 



Having generally described the invention, the same will be more 
readily understood by reference to the following examples, which are provided 
by way of illustration and are not intended as limiting. 
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Examples: 

Example 1. Description of the hybridoma-derived anti-Rabies 
antibodies used in the studies 
5 This example describes a number of rabies neutralizing antibodies that are 
used in the further examples. The following antibodies are virus -neutralizing 
human antibodies: (1) JB.l (abbreviated to JB in the next section): described 
in Champion et al, J. Immunol Methods (2000) 235:81-90, and the cloning and 
sequence in PCT/IS02/26584. (2) JA-3.3A5 (abbreviated to JA in the next 

10 section): described in Champion et al, J. Immunol. Methods (2000) 235:81-90, 
the cloning in Morimoto et al (2001), J. Immunol. Methods 252:199-206 and 
also in PCT/US01/14468. (3) M57: antibody and its cloning were described in 
Cheung et al. (1992), J.Virol. 66:6714-6720, and further in PCT/IS02/26584. 
The nucleotide sequences of the full heavy and light chain nucleotide 

15 sequences and also amino acid sequences of their variable regions are disclosed 
in the sequence listings (SEQ.ID.NO.s. 1-12). On the basis of the data in the 
literature these antibodies all neutralize a variety or rabies isolates, but not 
all the same, providing a broader spectrum of neutralised isolates than when 
using a monoclonal. 

20 

Example 2, Production of mixtures of seFv antibody fragments based 
on recloned hybridoma-derived anti-Rabies antibodies and co- 
expression. 

This example describes the production of a mixture of three binding 
25 sites as three proteins. Using as template the variable region genes of the 
three antibodies described in Example 1, cloning is used to construct three 
single-chain Fv expression cassettes, one for each of the antibodies, and to 
clone these in an appropriate expression vector. 

First the variable region genes are amplified with oligonucleotides 
30 that hybridise to the 5' and 3' ends of the nucleotide sequences and provide 
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appropriate restriction enzyme sites for cloning. Standard cloning techniques 
are described in Sambrook et al., Molecular cloning', second edition, Cold 
Spring Harbor Laboratory Press (1987). Cloned variable regions genes are 
amplified by the polymerase chain reaction using methods well known in the 
5 art. For antibody JA, the following procedure is used: primers are designed in 
the FR1 region and in the FR4 region of the variable heavy chain nucleotide 
sequence, such that the variable region is cloned downstream of a bacterial 
leader sequence and upstream of a continuation of the reading frame with a 
Gly-Ser encoding sequence. The polylinker into which the variable region 

10 heavy and light chains are cloned is indicated in Figure 13. The primers are 
designed to maintain the amino -terminal sequence of the FRl and FR4 
regions, and to include a unique restriction enzyme site for cloning of the 
variable region into the polylinker region of pSCFV (Figure 13). pSCFV is a 
pUC119 derivate which is essentially pHEN 1 (Hoogenboom et al.(1991) Nucl. 

15 Acids Res. 19: 4133-4137) into which the Sfil-NotI fragment is replaced with 
the Sfil-NotI sequence depicted in Figure 13, and in which the NotI site is 
followed by a c-myc tag, for detection and purification of the antibody 
fragment. Also the genelll of filamentous phage is deleted in this plasmid. 
Several options for directional cloning are feasible, indicated by the restriction 

20 sites locations on the polylinker map on Figure 13. For the VH of JA, the 
following oligonucleotides are used to amplify the VH regions: 5'- GTC CTC 
GCA ACT GCG GCC CAG CCG GCC ATG GCA GAG GTG CAG CTG TTG 
GAG TCT GGG GG-3' and the reverse complement of 5'-ACC CGG GTC ACC 
GTC TCC TCC-3\ The PCR reaction is carried out with the template antibody 

25 gene which was already cloned, plasmid SPBN-H (Morimoto et al (2001), J. 
Immunol. Methods 252:199-206 ), for 25 cycles, denaturation at 94°C for 30 
sec, annealing at 50°C for 60 sec, and elongation at 72°C for 90 sec, using Taq 
DNA polymerase (Promega, Madison, WI). The resulting product of 
approximately 400 bp is purified, digested with the restriction enzymes Sfil 

30 and BstEII, and cloned into pSCFV, resulting in p JA-VH. Similarly, the light 
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chain of JA is amplified from pSPBN-L with appropriately designed 
oligonucleotides and is cloned into pJA-VH, to yield pSCFV-JA . The integrity 
of the sequences is confirmed by using the AmpliTaqs cycle sequencing kit 
(Perkin-Elmer, Foster City, US) with specific primers based in the vector 
5 backbone just adjacent to the variable region inserts. Similarly, the antibody 
variable regions from hybridomas JB and M57 are cloned into the single-chain 
Fv format. 

The expression of the individual antibody fragments is done as 
follows. Soluble scFv fragments are expressed upon induction with isopropyl-|5- 

10 D-thiogalactopyranoside (IPTG) from the lacZ promoter that drives the 
expression of the scFv in pSCFV based plasmids, and harvested from the 
periplasmic space oiE.coli TGI cells. To confirm binding of the individual 
scFv's, an ELISA is performed using Polysorb plates (Nunc) coated with 5 
microgram/ml of rabies virus glycoprotein. Virus purification and glycoprotein 

15 purification have been described elsewhere (Dietzschold et al (1996) 

Laboratory Techniques in Rabies, Eds Meslin, Kaplan and Korpowski). World 
Health Organization, Geneva, p. 175). Alternatively a source of recombinant 
Rabies Glycoprotein (G) of the appropriate type is used for the coating. The 
sequence of rabies G is avaible to the person skilled in the art and so are 

20 cloning, expression and purification techniques. 

In the next step the scFv expression cassettes are cloned one after 
another in plasmid pSCFV-3 (depicted in Figure 14A), which is a derivative of 
pSCFV carrying unique restriction sites for cloning scFv genes, two behind the 
same lacZ promoter and separated via a new ribosome -binding site (rbs) and 

25 signal sequence (S), and one behind an arabinose -inducible promoter, rbs and 
S (Figure 14A). It also carries different tags, one for each of the scFv cassettes, 
c-myc (as in pSCFV; sequence EQKLISEEDL), the VSV-tag (the sequence 
YTDIEMNRLGK) and the influenza Hemagglutinin (HA)-tag (the sequence 
YPYDVPDYA), and all followed by a stretch of 3 alanines and 5 histidines. 

30 This set-up provides a method for detection of the individual antibodies in the 
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mix, and a generic method for purification, based on immobilised metal 
affinity chromatography (MAC) using methods well known in the art. The 
plasmid is also used in Example 17 (with restriction inserts and cloning sites 
described in SEQ.ID.NO.s. 16 and 17). The scFv genes are amplified with 
5 oligonucleotides that introduce the appropriate sites, and cloned into this 
plasmid. The finally resulting plasmid, pSCFV-JA-JB-M57 (Figure 14B) is 
introduced into E.coli host TGI cell, and expression of the scFv's induced with 
IPTG (for JA and JB) and/or arabinose (M57). By induction with IPTG, the 
expression of a mixture of two functional scFv fragments is achieved, in which 

10 the direct linkage favours the pairing between the intramolecularly -linked 
variable regions. By further induction with arabinose, an additional scFv 
fragment is co-expressed. Alternatively, the three scFv expression cassettes 
are cloned in separate plasmids into compatible plasmids such as pBR322 and 
pACYC and maintained in the same host cell before induction. The binding of 

15 the mixture to rabies glycoprotein (G) is tested as before using ELISA. The 
contribution to the binding in the mix of each of the scFv fragments is 
confirmed using one of three anti-tag antibodies (the mouse monoclonal 
antibody 9E10 binding to human c-Myc epitope tag (product code from abeam, 
www.abcam.com : ab32), and polyclonal antibodies to the HA-tag (ab3413) or 

20 VSV-tag (ab3556). To verify whether the production is carried out by one 

bacterium and its progeny and not by three clones that each produce one of the 
antibody fragments, the culture is colony-purified after 4 hr in the induction 
phase and the production tested of three independent clones, confirming that 
the expression is clonal. To determine the percentage of correctly paired 

25 variable regions, the scFv mixture is first purified from the E.coli periplasmic 
extract using DMAC. Briefly, an IPTG and arabinose induced 500 ml culture 
(kept for 4 hrs at 30°C), is spun at 4600 x g for 20 min at 4°C, and the bacterial 
pellet resuspended in phosphate buffered saline (PBS) containing protease 
inhibitors (phenyl-methyl-sulfonyl fluoride and benzamidin). The solution is 

30 sonicated at 24°C using an ultrasonic desintegrator (MSE Scientific 
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Instruments), and the suspension centrifuged at 50,000 x g for 30 min at 4°C. 
The supernatant fraction is incubated with TALON™ resin according to the 
instructions of the manufacturer (Clontech). After extensive washing, proteins 
are eluted using 100 mM imidazole. Following this procedure, scFv fragments 
5 are further purified by gel filtration using a Superdex 75 column (Amersham 
Pharmacia Biotech) connected to a Biologic instrument (Biorad). ScFv 
concentrations are quantitated using the bicinchoninic acid kit (Pierce)- A 
fraction of the antibody mix is bound to a molar excess of biotinylated G 
protein in a 0,5 ml volume. The protein with bound scFvs is captured onto the 
10 surface of an excess of paramagnetic Streptavidin-coated beads (200 
microlitres of DYNAbeads, Dynal, Norway), in a way similar to what is 
described in example 4 for phage selections. The supernatants of the mixture 
sire then tested for the presence of scFv fragments in an SDS PAGE followed 
by Western blot analysis with the anti-tag antibodies to characterize the non- 
15 functional antibodies. The experiment provides evidence for the simultaneous 
production of three scFv fragments by the same host cell, and the efficient 
recovery of functional binding sites, thus correctly paired variable regions from 
this preparation. 



20 Example 3. Production of mixtures of scFv-Fc antibodies based on 

recloned hybridoma-derived anti-Rabies antibodies and co-expression 
in a eukaryotic system. 

This example describes the production of a mixture of three or six 
different proteins composed of variable regions paired to form two or three 

25 binding specificities. In a further example, the scFv genes are subcloned into a 
eukaryotic expression vector based on pCDNA3 which carries the human 
gamma-1 region. This plasmid, VHExpress, was extensively engineered to 
remove internal restriction enzyme sites (Persic et al (1997) 187:9-18), and 
contains a promoter (CMV instead of EF-lalpha as in publication), an 

30 eukaryotic leader sequence, a polylinker with cloning sites for an antibody 
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variable region, the human gamma- 1 gene and the bovine growth hormone 
poly A site (Figure 15). Further it contains the genes encoding amp and neo 
resistance, and the SV40 origin of replication. The full sequence is given in 
SEQJD.NO. 13. This vector is suitable for the expression of antibody variable 
5 region genes formatted as scFv fragments. The cloning of the scFv gene of 
antibody JA is carried out as follows. The scFv is used as a template in a PCR 
reaction with oligonucleotides 5'-TATC CGC GCG CAC TCC GAG GTG CAG 
CTG TTG GAG TCT GGG GG-3' and the reverse complement of 5'-ACC CGG 
GTC ACC GTC TCC TCC GGT GAG TCC TAG CGC TTT TCG T-3\ The PCR 

10 fragment of approximately 750-800 bp is isolated, digested with BssHII and 
Eco47III and cloned into similarly cut plasmid VHExpress. Similarly, the scFv 
genes of antibodies JB and M57 are cloned into this plasmid; to avoid digestion 
at internal sites the other suitable site is used (Bpull02I) or a 3-way ligation 
which yields also the same plasmid. The resulting plasmids with correctly 

15 cloned scFv, called respectively pscFv-Fc-JA, pscFv-Fc- JB and pscFv-Fc-M57, 
are introduced into host cells, in this example PER.C6™ cells. 

For an initial analysis, these plasmids are transiently expressed 
either alone or in combinations of two or three scFv-Fc constructs. Cells grown 
to 5 x 10 6 cells/ml in culture medium with 10% Fetal calf serum (FCS) in 80 

20 cm 2 flasks are transfected for 4 hours using lipofectamine (Invitrogen Life 
Technologies) according to the manufacturer's instructions (140 microlitre 
Lipofectamine per 10 microgram of DNA per flask) in serum -free medium at 
37 °C. After this incubation, cells are washed, resuspended in rich culture 
medium, and the cells grown for 5 days. The supernatant is harvested for 

25 analysis of the secreted scFv-Fc fusion protein. A sandwich ELISA is used to 
quantify the amount of IgG produced, using two antibodies directed to the Fc 
region. The scFv-Fc fusion proteins are purified using protein A affinity 
chromatography using a HighTrap column (Amersham Pharmacia) according 
to the manufacturer's instructions for IgGl), and the eluate concentrated via 

30 Microcon-YM30 concentrator (Amicon) and its buffer exchanged for PBS pH 
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7.0. The occurrence of different scFv-Fc mixtures, six in total for the cells 
transfected with the three scFv-Fc genes, are further characterized as 
described above in ELISA, and using viral isolates that are specifically 
recognized by the antibodies, including European bat virus 2 for antibody JB 
5 and Lagos bat virus and Mokoa virus for antibody JA, and strains CVS-11, 
CVS-24, PM, SHBRV and COSRV (Champion et al, J. Immunol Methods 
(2000) 235:81-90). The presence of the M57 and JB binding sites is confirmed 
using an anti-Id antibody (see also examples 14 and 22). Following this, the 
viral neutralization activity of the mixture of 3 monospecific and 3 bispecific 

10 molecules (without purification) is assayed for the presence of rabies virus - 
neutralizing antibodies using the rapid fluorescent focus inhibition test 
(RFFIT) as described by Hooper et al, ASM Pres, WA, p. 1997. Essentially 
.serial dilution are made of the supernatant containing the antibody mixture in 
96-wel plates (Nunc), and a rabies virus dilution known to cause 70-80% 

15 infection of indicator cells added to each well. Controls are positive rabies - 
immune serum control samples and negative medium are also included. After 
1 hr to each well 50,000 baby hamster kidney (BHK) cells are added and the 
culture incubated overnight at 37 °C. Plates are then washed once with ice- 
cold PBS and the cells fixed with ice-cold 90% acetone for 20 min at -20 °C. 

20 Acetone is removed and to the air-dried plates 50 microlitre of FITC-labelled 
anti-rabies nucleoprotein monoclonal antibody (abl002 from abeam site or 
antibody from Centocor, Malvern) is added. After 1 hr incubation at 37°C, the 
plates are washed 3 x with water and analysed under a fluorescence 
microscope. The activity of each of the scFv-components is studied by testing in 

25 this assay the neutralization of a variety of different rabies isolates, including 
the ones mentioned in example 1. 

The same plasmids, pscFv-Fc-JA, pscFv-Fc-JB and pscFv-Fc-M57, 
are also suitable for making stable transfectants. By selection using the neo- 
resistance gene and culturing and screening methods known to those in the 

30 art, stable PER.C6™ derived cell lines expressing antibodies are obtained. 
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Essentially 5 x 10 6 PER.C6™ cells are transfected using Lipofectamine 
according to the manufacturer's instructions, and 3 microgram of DNA per 
plasmid. Cells are transfected with the 3 microgram of each plasmid 
separately, or with 1.5 microgram each of pscFv-Fc-JA and , pscFv-Fc-JB, or 
5 with 1.5 microgram each of pscFv-Fc-JB and pscFv-Fc-M57, or with 1 

microgram of each of pscFv-Fc-JA, pscFv-Fc-JB and pscFv-Fc-M57, or with a 
control LacZ vector. After 5 hrs the cells are washed and the medium is 
exchanged with non-selective medium. The next day the medium is replaced 
with fresh medium containing 500 microgram/ml G418 (Sigma -Aldrich) and 

10 also every next 2-3 days the culture medium is refreshed until clones appear 
(15-20 days after seeding). Clones are picked and cloned out to limiting 
dilution conditions, such that 2-3 weeks later clonal cell lines start appearing. 
These are expanded to larger wells and flasks, and eventually the selective 
medium is omitted. The supernatant of these cell lines is harvested for 

15 analysis of the secreted scFv-Fc fusion protein. As before, a sandwich ELISA 
(as described in WO 00/63403) is used to quantify the amount of IgG produced, 
using two antibodies directed to the Fc region. The scFv-Fc fusion proteins are 
purified using protein A affinity chromatography using a HighTrap column 
(Amersham Pharmacia) according to the manufacturer's instructions for IgGl. 

20 Purified scFv-Ig from various clones is isolated, purified and tested in a series 
of assays. The first is to analyse the presence of the two or three different scFv 
genes of the cell lines created, by amplifying the genomic DNA of these cell 
lines with antibody JA/JB or M57 scFv or V-gene specific oligonucleotides, and 
confirming the presence by sequencing the amplified material. The copy 

25 number of each of the integrated antibody constructs is determined with 
methods such as Southern blot or Fluorescent In Situ Hybridisation (FISH). 
Secondly, the mixture is biochemically characterized using SDS-PAGE and iso- 
electric focusing. Alternatively anti-idiotype antibodies or peptide mimitopes 
are used to delineate the compositions (see Example 12). The stability of the 

30 expression level, of the ratios between the different scFv components, and of 
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the composition of the antibody mixture produced by cell lines which produce 
the mix of three or six proteins is followed over time by these assays. Finally, 
binding and neutralization assays are carried out, including antigen binding in 
ELISA and in fluorescence microscopy with infected cells and tissues, and in 
5 the RFFIT virus neutralization assay as described above. The biological 
activity of the mixture is tested against a range of rabies isolates and the 
activity determined according to the international Units of Rabies Antibodies 
and referenced to WHO reference Rabies Immunoglobulin (WHO Technical 
Series Report (1994) vol 848, p. 8; and vol. 840). By testing the biological 

10 activity (virus neutralization) of a series of cell lines producing variable 

quantities of the three scFv-Fc fusions, the most optimal mixture is identified. 
The mixtures are compared to the activity of ImmoGam® Rabies, the human 
immunoglobulin preparation used for passive immunotherapy (see also 
http://ww.aventi^nasteiu:.com/usa/product/pdffi 1fifl/!LE34 39l.PDF) . The effect 

15 of the bispecific component is tested by comparing the neutralization efficacy 
of the scFv-Fc protein mixture with the activity of comparable quantities of the 
(1) individual whole recombinant antibodies JA (IgGl), JB (IgGl) and M57 
(IgGl), (2) mixtures of two or three of these antibodies. Due to the discrepancy 
observed sometimes between in vitro and in vivo neutralization data, besides 

20 in vitro neutralization tests, it may sometimes be necessary to carry out in vivo 
neutralization tests using mouse protection experiments as described in 
Dietzschold et al. (1992) PNAS 89: 7252. 

Example 4: Selection of optimally paired variable regions for two 
25 antibody variable region pairs by optimising the light chain variable 
region. 

Antibodies M57 and JB are used in this experiment. Both have a 
lambda light chain, of class I for JB and class II for M57, with homology 
between the two chains (Figure 16). The antibody heavy chain variable region 
30 genes of these two antibodies are cloned into vector pFab -display, which 
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resembles functionally pCESl (de Haard, H.J. et al. (1999) J Biol Chem 274: 
18218-18230), and is a Fab fragment display and expression vector. In this 
vector system, the variable heavy chain region genes are cloned as VH-gene 
fragments; the vector supplies all Fabs with a human gamma-1 CHI gene. 
5 The Fd fragment is fused to two tags for purification and detection: a histidine 
tail for Immobilised Metal Affinity Chromatography (IMAC) and a c-myc- 
derived tag, followed by an amber stop codon and the minor coat protein III of 
filamentous phage fd. The antibody light chain is cloned as full VLCL 
fragment, for directed secretion and assembly with the VHCH1 on the phage 

10 particle. Restriction enzyme sites and the sequence of the polylinker region is 
indicated in Figure 17. The cloning of the variable regions is carried out 
similarly as described in Example 2, with oligonucleotides to amplify the VH 
region and that append appropriate restriction enzyme sites. The resulting 
plasmids are designated pVH-M57 and pVH- JB, respectively, 

15 These plasmids are used as recipients for a collection of human 

lambda chains derived from human donors. B lymphocytes are isolated from 2- 
L of blood on a Ficoll-Pacque gradient. For RNA isolation, the cell pellet is 
immediately dissolved in 50 ml 8 M guanidinium thiocyanate /0.1M2- 
mercaptoethanoL Chromosomal DNA is sheared to completion by passing 

20 through a narrow syringe (1.2/0.5 mm gauge), and insoluble debris is removed 
by low speed centrifugation (15 min 2,934xg at room temperature). RNA is 
pelleted by centrifugation through a CsCl -block gradient (12 ml supernatant 
on a layer of 3.5 ml 5.7 M CsCl / 0.1 M EDTA; in total 4 tubes) during 20 h at 
125,000xg at 20°C in an SW41-rotor (Beckman). RNA is stored at -20°C in 

25 ethanol. Random primed cDNA is prepared with 250 ng PBL RNA. RNA is 
heat denatured for 5 min at 65°C in the presence of 20 \ig random primer 
(Promega), subsequently buffer and DTT are added according to the suppliers 
instructions (Gibco-BRL), as well as 250 nM dNTP (Pharmacia), 800 U RNAsin 
(40 U/jil; Promega) and 2,000 U MMLV-RT (200 U/fil; Gibco-BRL) in a total 
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volume of 500 \d. After 2 h at 42°C, the incubation is stopped by a phenol / 
chloroform extraction; cDNA is precipitated and dissolved in 85 \il water. From 
this material, the variable region gene pools from the light chain lambda 
family are amplified using 4 VA.-specific oligonucleotides that preferentially 
5 pair to the lambda I and II families (HuVllA/B/C-BACK and HuV12-BACK as 
in Table below) and with two primers based in the constant regions (HuC12- 
FOR and HuC17-FOR as in Table 1 below, combined in each reaction), and 
with PCR in a volume of 50 pi, using AmpliTaq polymerase (Cetus) and 500 

pM of each primer for 28 cycles (1 min at 94°C, 1 min at 55°C and 2 min at 

10 72°C). All products are purified from agarose gel with the QIAex-II extraction 
kit (Qiagen). As input for reamplification to introduce restriction sites, 100-200 
ng purified DNA-fragment is used as template in a 100 p.1 reaction volume, 
using the oligonucleotides appropriately extended to provide the sites for 
cloning, ApaLI and AscI (last six primers of following Table). This amplified 

15 material is purified, digested with AscI and ApaLI and two samples cloned into 
the two different plasmids pVH-M57 and pVH-JB. 



HuVUA-BACK 


5'-CAG TCT GTG CTG ACT CAG CCA CC-3' 


HuVllB-BACK 


5'-CAG TCT GTG YTG ACG CAG CCG CC-3' 


HuVllC-BACK 


5'-CAG TCT GTC GTG ACG CAG CCG CC-3' 


HuV12-BACK 


5'-CAR TCT GCC CTG ACT CAG CCT-3' 


HuC12-FOR 


5'-TGA ACA TTC TGT AGG GGC CAC TG-3 r 


HuC17-FOR 


5'-AGA GCA TTC TGC AGG GGC CAC TG-3« 


HuVUA-BACK-APA 


fi'-ACC GCC TCC ACC AGT GCA CAG TCT GTG CTG ACT CAG CCA CC-3' 


HuVUB-BACK-APA 


5'-ACC GCC TCC ACC AGT GCA CAG TCT GTG YTG ACG CAG CCG CC-3' 


HuVUCBACK-APA 


5'-ACC GCC TCC ACC AGT GCA CAG TCT GTC GTG ACG CAG CCG CC-3' 


HuVtt-BACK-APA 


5'-ACC GCC TCC ACC AGT GCA CAR TCT GCC CTG ACT CAG CCT-3' 


HuC12-FOR-ASC 


5'-ACC GCC TCC ACC GGG CGC GCC TTA TTA TGA ACA TTC TGT AGG GGC CAC TG 


HuC17-FOR-ASC 


5'-ACC GCC TCC ACC GGG CGC GCC TTA TTA AGA GCA TTC TGC AGG GGC CAC TG 



This cloning results in two libraries designated as Fab-VH-M57-VLn and Fab- 
20 VH-JB-VLn. 
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Phage particles are made from cultures of these two libraries. The 
rescue of phagemid particles with helper phage M13-K07 is performed 
according to (Marks et al. (1991), J. MoL Biol. 222: 581-597) on a 1-L scale, 
using representative numbers of bacteria from the library for inoculation, to 
5 ensure the presence of at least 10 bacteria from each clone in the start 
inoculum. For selections, 10 13 cfu's (colony forming units) are used with 10 
microgram/ml Rabies glycoprotein coated in immunotubes (Maxisorp tubes, 
Nunc) or with 250 nM soluble biotinylated G protein. Antigen is biotinylated 
at a ratio of one to five molecules NHS-Biotin (Pierce) per molecule antigen 

10 according to the suppliers recommendations. Three rounds of selection are 
carried out with these libraries. Detailed protocols for culturing and selecting 
phage display libraries have been described elsewhere (as in Marks et al. 
(1991), J. Mol. Biol. 222: 581-597) and are well known to those working in the 
art. Briefly, the selection with the biotinylated antigen is carried out as 

15 follows. Phage particles are incubated on a rotator wheel for 1 hr in 2% M- 
PBST (PBS supplied with 2% skimmed milk powder and 0.1% Tween-20). 
Meanwhile, 100 |il Streptavidin-conjugated paramagnetic beads (Dynal, Oslo, 
Norway) are incubated on a rotator wheel for 2 h in 2% M-PBST. Biotinylated 
antigen is added to the pre -incubated phage and incubated on a rotator wheel 

20 for 30 min. Next, beads are added and the mixture is left on the rotator wheel 
for 15 min. After 14 washes with 2% M-PBST and one wash with PBS, phage 
particles are eluted with 950 ^1 0.1 M triethylamine for 5 minutes. The eluate 
is immediately neutralised by the addition of 0.5 ml Tris-HCl (pH 7.5) and is 
used for infection of log-phase E. coli TGI cells. The TGI cells are infected for 

25 30 min at 37°C and are plated on 2xTY (16 g Bacto-trypton, 10 g Yeast-extract 
and 5 g NaCl per litre) agar plates, containing 2% glucose and 100 jig/ml 
ampicillin. After overnight incubation at 30°C, the colonies are scraped from 
the plates and used for phage rescue as described (Marks et al. (1991), J. MoL 
Biol. 222: 581-597). Culture supernatants of individual selected clones 

30 harbouring either rescued phage or soluble Fab fragments are tested in ELISA 
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with directly coated antigen or indirectly captured biotinylated antigen via 
immobilised biotinylated BSA-streptavidin. Here described is the procedure 
with biotinylated antigen for the detection of soluble Fab fragments. For 
capture of biotinylated Rabies glycoprotein, first biotinylated BSA is coated at 
5 2 ng/ml in PBS during 1 hr at 37°C. After 3 washes with PBS-0.1% (v/v) Tween 
20 (PBST), plates are incubated during 1 hr with streptavidin (10 ^ig/ml in 
PBS / 0.5% gelatin) (24). Following washing as above, biotinylated antigen is 
added for an overnight incubation at 4°C at a concentration of 3 jig/ml. The 
plates are blocked during 30 min at room temperature with 2% (w/v) semi- 

10 skimmed milk powder (Marvel) in PBS. The culture supernatant is transferred 
to these wells and diluted 1 or 5-fold in 2% (w/v) Marvel / PBS and incubated 
for 2 hr; bound Fab is detected with anti-myc antibody 9E10 (5 fxg/ml) 
recognising the myc-peptide tag at the carboxyterminus of the heavy Fd chain, 
and rabbit anti-mouse-HRP conjugate (DAKO). Following the last incubation, 

15 staining is performed with tetramethylbenzidine (TMB) and H2O2 as 
substrate and stopped by adding half a volume of 2 N H2SO4; the optical 
density is measured at 450 nm. Clones giving a positive signal in ELISA (over 
2x the background), are further analysed by SsJNI-fingerprinting of the PCR- 
products obtained by amplification with the oligonucleotides M13 -reverse and 

20 genelll-forward (as in Marks et al. (1991), J. Mol. Biol. 222: 581-597). 

Large-scale induction of soluble Fab fragments from individual 
clones is performed on a 50 ml scale in 2xTY containing 100 ^g/ml ampicillin 
and 2% glucose. After growth at 37°C to an ODeoo of 0.9, the cells are pelleted 
(10 min at 2,934xg) and resuspended in 2xTY with ampicillin and 1 mM IPTG. 

25 Bacteria are harvested after 3.5 h growing at 30°C by centrifugation (as 

before); periplasmic fractions are prepared by resuspending the cell pellet in 1 
ml ice cold PBS. After 2 to 16 hr rotating head-over-head at 4°C, the 
spheroplasts are removed by two centrifugation steps: after spinning during 
10 min at 3,400xg, the supernatant is clarified by an additional centrifugation 

30 step during 10 min at 13,000xg in an eppendorf centrifuge. The periplasmic 
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fraction obtained is directly used for determination of the affinity by surface 
plasmon resonance and of fine-specificity in western blot or virus 
neutralization studies. 

Using the cited ELISA test, panels of antigen reactive Pabs are 
5 identified for both M57 and JB. The Fab's are purified and their relative 
affinity for the antigen compared to the native antibody as Fab determined. 
All clones that are in a 10-fold reach of the affinity are sequenced. For 
sequencing, plasmid DNA is prepared from 50 ml cultures grown at 30°C in 
medium, containing 100 ng/ml ampicillin and 2% glucose, using the QIAGEN 

10 midi-kit (Qiagen). Sequencing is performed with the thermocycling kit 

(Amersham) with CY5-labeled primers CH1FOR (5'-GTC CTT GAC CAG GCA 
GCC CAG GGC-3 f ) and M13REV (5'-CAG GAA ACA GCT ATG AC-3'). The 
analysis is done as described above: the amino acid sequences of the two 
antibody VL sets, for M57 and JB, are compared to one another. Many of the 

15 selected variants are derived from the lambda 1 and lambda 2 family but 

carry somatic mutations throughout the sequence. In each collection, a set of 
10 VLs are selected that are putative 'common' candidates for pairing to both 
VHs, and these are cloned via the common restriction sites ApaLI and AscI 
into the plasmid carrying the other VH. Thus the VLCL of a candidate clone of 

20 library Fab-VH-M57-VLn is isolated using gel-electrophoresis of the ApaLI- 
AscI digest and cloned into pVH-JB. This is carried out for all candidate VL's; 
the new combinations are all tested as before in ELISA for their pairing 
compatibility with the non-cognate VH. The clone with highest affinity in both 
antibodies is designated VL-M57=JB. This procedure leads to the 

25 identification of a lambda variable region light chain that in the Fab format 
can optimally pair with both the VH of JB and of M57. 

Example 5: Selection of optimally paired variable regions for two 
antibody variable region pairs by optimising the heavy chain variable 
30 region. 
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For occasions where the two light chains of two given antibodies are 
very different from one another, as is the case between antibodies of kappa and 
lambda families, it is also possible to follow an alternative strategy than the 
one described in Example 4. Herein we describe the selection of an optimally 
5 paired VL, that will be pairing in a compatible fashion with two VH variable 
regions. In the experiment the major loop in the VH, the CDR3, that is both 
responsible for antigen binding and contributes to the interaction with the 
light chain, is diversified. Other schemes can be followed, in which other VH 
residues known to be structurally positioned at the VH-VL interface are 

10 mutated (exemplified in Figure 18). This procedure may also be applied to 
multiple variable region genes, using a chosen, preferably germ line encoded 
variable region gene and multiple partner variable regions which are then 
mutagenized and selected as in the following description. 

The aim of the experiment is to find a JA-variant that will have 

15 optimally pairing behaviour to VL-M57=JB. The JA antibody carries a kappa 
chain instead of a lambda (Figure 16), and replacement of its cognate light 
chain with VL-M57-JB leads to a substantial loss of affinity. Therefore it is the 
VH of this antibody that will be mutated, to compensate for loss of affinity 
with the antigen, and to provide also a new potential interactions with the new 

20 VL. First the VL-M57=JB is cloned as VLCL ApaLI-AscI fragment into pFab- 
display as described in example 4; this yields plasmid pVL-M57=JB. The 
heavy chain of antibody JA is amplified from pVH-JA (Example 2) using two 
primers: 5'- GTC CTC GCA ACT GCG GCC GAG CCG GCC ATG GCA GAG 
GTG CAG CTG TTG GAG TCT GGG GG-3', and the reverse complement of the 

25 following sequence, which is a mutagenic oligonucleotide that is spiked with 
mutations in the two residues preceding the CDR3 and throughout the CDR 3 
region (in the underlined region; see also Figure 18): 5'- C ACG GCC GTA TAT TAC 
TGT GCG AAA GAT CGA GAG GTT ACT ATG ATA GTT GTA CTT AAT GGA GGC TTT GAC 
TAC TGG GGC CAG GGA ACC CGGG TCA CCG TCT CCT-3' . The spiking is carried out 

30 by the inclusion during the oligonucleotide synthesis at the underlined 
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residues, of mixes of 90% of the natural residue, and 10% of a mix with 
equimolar ratios of the four residues. The PCR is carried out as in Example 1 
to yield a 350-400 bp fragment, which is gel-purified, digested with Sfil and 
BstEII and cloned into pVL-M57=JB, to form a library of variants of JA, 
5 designated Fab-JA-VHmut. 

This library is now rescued using helper phage and selections and 
screenings are carried out on Rabies glycoprotein according to the methods 
described in Example 4. The resulting Fab clones that maintain antigen 
binding contain a VH-JA variant that is pairing compatible with VL-M57=JB. 
10 Candidate Fabs are produced and purified, and their affinity determined as 
described in Example 4. The variable heavy chain mutant of the highest 
affinity is designated VH-JA*. 

Example 6. Isolation of antibodies against Rabies glycoprotein from a 
15 random combinatorial phage library and screening for compatible VL 
between binding clones. 

Phage display libraries are a suitable source of antibodies for the 
present invention, libraries that are suitable for the assembly of the panels of 
antibodies include non-immune libraries (de Haard, H.J, et al. (1999) J Biol 

20 Chem 274: 18218-18230), semi-synthetic libraries (de Kruif et al. (1995) J. 
Mol. Biol. 248:97 and Griffiths et al. (1994) EMBO J. 13:3245-3260) and also 
immune libraries, which often display a lower level of variable chain diversity. 
The first application presented is to select antibodies to one antigen only, 
providing a mixture of antibodies directed to the same antigen that can then 

25 be screened for pairing-compatible variable regions, and used to produce an 
antibody mixture. The second application concerns the selection of antibodies 
to two different antigens. Methods to carry out selections and screenings are 
well known in the art and are also described in Examples 4 and 5. Using 
selection on antigens, panels of antibody fragments specific for a given set of 

30 antigens are obtained. For each of the panels the sequence of VH and VL is 
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determined. Thus each antigen will have a set of reactive antibodies. It is then 
possible to identify by visual inspection in each of the panels those antibodies 
that share a given VL or have highly related VLs between the different sets. 
The cases described in Example 4 are also applicable here. In the best case 
5 each set has at least one antibody with an identical VL as at least one other 
antibody in the other sets. When this is not the case, a suitable VL that 
matches a given VH is found by the methods described in example 4: the VH is 
paired with a repertoire of VLs, of which the composition is driven by the 
homology with a given VL or VLs. Alternatively one VL is chosen and the non- 
10 matching VH is mutagenized as described in Example 5, to yield compatible 
pairs for all sets. The sequences are further inspected to find pairing 
compatible variable regions that do not have sequence identity or homology. 
Variable heavy chains that pair with multiple variable light chains and vice 
versa are identified. Such 'promiscuous' pairings imply that the variable region 
15 involved binds to the same antigen with any of several partner chains. To 
rapidly identify such variable regions, it is particularly useful to use semi- 
synthetic antibody libraries which have a limited number of positions which 
were diversified, as has been described for the human synthetic phage 
antibody library in Griffiths et al. (1994) EMBO J. 13:3245-3260. 
20 In the first application, antibodies are selected against one antigen, the 

Rabies glycoprotein. The library described in Griffiths et al. (1994) EMBO J. 
13:3245-3260, is selected on the Rabies glycoprotein antigen as described 
earlier. There are different sources of the antigen, including the material 
purified as in Dietzschold et al (1996) Laboratory Techniques in Rabies, Eds 
25 Meslin, Kaplan and Korpowski. World Health Organization, Geneva, p. 175. 
Alternatively, a source of recombinant Rabies Glycoprotein (G) of the 
appropriate type is used for the coating. The sequence of rabies G is available 
to persons in the art and so are cloning, expression and purification 
techniques. A suitable format is to use an immunadhe sin -type of molecules, in 
30 which the soluble part of the glycoprotein is genetically fused to an 



WO 2004/106375 



PCT/NL2004/000386 



100 

immunoglobulin Fc region, and the fusion protein expressed in eukaryotic cells 
(see also Chamow and Ashkenazi, Antibody Fusion Proteins, 1999, Wiley -Liss, 
NY). For phage selection, the immunoadhesin is biotinylated to be used in a 
selection as described in Example 4, or immobilized by coating. Alternatively, 
5 selections are carried out on immobilized (or biotinylated) Rabies virions, and 
selections are carried out each round on virions derived from different Rabies 
strains, to obtain a panel of antibodies that recognize the most common 
epitopes present in the different strains. These procedures yield a panel of 
antibodies directed to the Rabies antigen, but the compatibility of the pairing 

10 of variable regions of the individual candidates has to be tested. 

We disclose here the use of the antibodies from the phage antibody 
library described by Griffiths et al. (1994) EMBO J. 13:3245-3260, but for the 
clones from other libraries the same principles apply. A panel of Fab's reactive 
with the Rabies glycoprotein is identified and the procedure to find optimally 

15 pairing VH and VL combinations as described above carried out. As an 

alternative, independent of sequencing, to identify optimally paired VH and 
VL pairs (that for example are missed in the sequencing analysis), the 
following empirical approach is followed. The variable lights chains of a panel 
of 30 human antibodies are shuffled, and the new combinations tested in a 

20 binding assay. The shuffling is carried out by recloning the light chains 

present in the antigen reactive Fab clones which are based in the recombined 
fd-DOG-21ox-plasmid, as ApaLI-AscI fragment into the same Fab-containing 
phage genomes cut with the same (unique) enzymes. This is an experiment 
that is done in batch, with all 30 VL inserts and 30 VH-containing vectors 

25 mixed; sequencing is used to delineate the pairing of each VH-VL pair. ELISA 
is used to define which antibodies retain antigen binding activity and those 
clones are sequenced. The resulting combinations provide VH-VL which are 
pairing compatible, the first class of which is formed by clones that share a VL 
or related VL; in that case one can be chosen plus the different VH genes for 

30 making Oligoclonics™ (see Example 10). The second class contains clones with 
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'promiscuous' pairing, and the VH genes of these are combined with the VH 
and VL pairs of those Fab's which are compatible with this tolerant VH. 

The second application concerns the selection of phage antibodies on two 
different antigens, as indicated in Figure 2. The same procedures as were just 
5 described for one antigen are followed, now to assemble two sets of antibodies, 
one for each antigen. The same procedures are followed also to identify clones 
with an identical or similar variable region sequence, or empirically, to 
demonstrate the existence of pairing-compatible antibodies between the two 
sets of antibodies. 

10 

Example 7. Isolation of antibodies against Rabies glycoprotein from a 
phage library with limited diversity and screening antibodies which 
are non-competitive 

Phage antibody scFv or Fab libraries that are formed by focusing the 

15 diversity in one variable region and keeping the other variable region 

invariable, preferably a germ line sequence, are particularly relevant to the 
invention. From such libraries it is feasible to isolate antibodies with a 
different heavy chain yet identical light chain, or vice versa (Figure 3). Such 
antibodies are readily reformatted into an Oligoclonics™ format according to 

20 the invention. In the art, it has been described that antibodies that share the 
same VL gene but have different VH genes and widely varying specificities can 
be obtained from phage antibody display libraries (Nissim et.al, (1994). EMBO 
J. 13:692-698). 

A sub-library of the semi-synthetic scFv library (de Kruif et al. (1995) J. 

25 Mol. Biol. 248:97) is used in the following example. This sub -library contains 
antibodies with diversity in the VH region only. Selections on antigen are 
carried out as described in the previous examples. Using Rabies glycoprotein 
as the antigen as described in Example 6, 10 human antibodies with different 
VH yet identical VL are identified. These are immediately suitable for 

30 inclusion into Oligoclonics™ (example 10). In some instances it will be 



WO 2004/106375 



PCT/NL2004/000386 



102 

favourable to identify those antibodies that recognize different epitopes from 
the other antibodies in the mixture, and/or to obtain antibodies that recognize 
the same epitope recognized by a given monoclonal and polyclonal antibody. 
The competitive nature of the selected 10 scPv antibodies with the Rabies 
5 monoclonal antibody M57 is determined in ELISA, using the set-up described 
in Example 2 (essentially, with bound antigen, adding sample, and detecting 
using an HRP -labelled anti-c-myc antibody) in the presence or absence of the 
M57 antibody. Competition experiments between the clones are readily 
performed using similar competition ELISAs with the phage -scFv particles 

10 and the soluble scFv fragments. Besides this procedure to screen clones for a 
particular competition-behaviour, it is also possible to influence the selection 
outcome, either by using an antibody to block a site on the antigen during the 
selection (preventing antibodies to or competing with this epitope from being 
selected), or by using an antibody to competitively elute the fraction of phage 

15 antibodies that is bound to the same epitope. Examples of both are known in 
the art and methods are applicable here also to define suitable antibody 
combinations for inclusion in the Oligoclonics™ composition. 

Example 8. Isolation of single-domain antibodies against Rabies 
20 glycoprotein from a VL phage library, and pairing with a suitable 
variable region. 

Antibodies made in two steps are also suitable for the inclusion in the 
Oligoclonics™ format and to make antibody mixtures. Rabies -specific single 
domain VL antibody fragments are selected from a phage displayed repertoire 
25 isolated from human PBLs and diversified by DNA-shuffling, as described in 
van den Beucken et al. (2001), J. Mol. Biol. 591-601 (libraries B and C). 
Selection and screening experiments are done as described in the previous 
examples. After the 3 rd round of selection, the pool of VLs is taken for 
combination with one VH segment (as depicted in Figure 4e). For this the VL 
30 pool is recloned by PCR as an ApaLI-XhoI fragment into pFab-display (Figure 
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17) into which is cloned a single human VH. The latter is a DP-47 germ line 
encoded variable region with short CDR3 sequence designated VH-N 
(SEQ.ID.NO: 14), which is obtained by providing via PCR antibody clone 
FITC-B11 from Table IV in Griffiths et al (1994) EMBO J. 13:3245-3260, with 
5 a short, 5-residue CDR3 of amino acid sequence GGAVY, and cloning this as 
Sfil-BstEII fragment into pFab-display. This CDR3 is found in many different 
antibodies, and a short sequence with minimal length side -chains (except for 
the tyrosine) is chosen to minimize effects on antigen binding and pairing. The 
resulting mini-library is screened for those antibody Fab fragments that 
10 maintain antigen binding. The three best Rabies glycoprotein-specific VL 
genes are designated VL-G1 , G2 and G3. Similarly the principles of this 
approach are applicable to building antigen -specific heavy chain fragments 
based on the VH domain, and providing, these with a 'neutral' VL, or even 
'neutral' partner VH. 

15 

Example 9. Selection of antibodies with pairing compatible variable 
regions by intracellular competition, and expression of a composition 
of two or three Fab fragments with pairing-compatible variable 
regions 

20 Selections with phage libraries are carried out using monoclonal 

antibodies as competitors during the formation of new phage particles. The 
selection biases the library selection towards variable region pairs with 
compatible pairing in the context of multiple variable regions being expressed 
in the same host cell. The system relies on the simultaneous expression of two 

25 or more Fab fragments, the variable region of one of which is anchored onto a 
phage coat protein (Figure 5). 

First the variable region genes of antibody M57 are cloned into pFab- 
Sol-pbr, a derivative of pFab-display (Figure 17) with the same polylinker, but 
no gill, no M13 intergenic region and instead of pUC119 the pBR322 backbone 

30 carrying the ampicillin resistance gene . The variable region genes of antibody 
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JB are cloned in pFab-Sol-ACY-cat, similar in set-up as the previous one but 
carrying the Chloramphenicol resistance gene and based on the pACYC 
backbone. Both plasmids mediate the expression of the soluble non-tagged Fab 
fragment under control of the lacZ promoter, and they are compatible with one 

5 another and can be maintained in the same cell with antibiotic selection. 
Methods for the cloning have been described earlier; the sequences of these 
antibodies are also included in the sequence listings below, thus it will be 
possible for someone working in the art to clone these Fab's into these 
polylinkers such that upon induction with IPTG, both antibodies are expressed 

10 in the periplasm of the culture. These two antibody Fab fragments form the 
competitors in this method. E.coli TGI cells harbouring both plasmids are 
infected with phage harbouring a library of human Fab fragments, in which 
the heavy chain is anchored to the phage coat and the light chain is provided 
as a soluble, non-anchored chain. The fd-based library from Griffiths et al. 

15 (1994) EMBO J. 13:3245-3260 which contains both VH and VL diversity is 
used for infection, the resulting bacteria start producing new phage particles 
and incorporate the L and Fd chains expressed from this genome. Cells are 
grown to an OD of 1.0, the cells washed to remove produced phage, and the 
cells incubated for 4 hours in 1 mM IPTG. During this time competition will 

20 occur for pairing between the three variable heavy and light chains, and there 
are many opportunities for mispairing. The phage produced during this 
induction time will only recognize the native antigen, if the VH is tolerant to 
pair with any VL yet bind antigen, or when it exclusively pairs with the VL 
that is also encoded in the genome. The phage is harvested, PEG precipitated, 

25 dissolved in PBS, and is now selected for binding to Rabies glycoprotein. 

Methods for selection have been described earlier. In both case the phage will 
be able to bind antigen, and be enriched in a selection round with antigen. The 
phage resulting from the selection are used to infect cells harbouring the two 
Fab-containing plasmids, and the cycle of induction, phage preparation and 

30 selection is repeated. After five rounds of this selection, the resulting Fab 
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proteins are tested for antigen binding in a solid phage ELISA and recloned 
into the soluble expression vectors p Fab-Sol- ACY-cata and pFab-Sol-pbr. 
E.coli's are transfected with one of these plasmids and either the M57- 
containing vector or the JB-containing vector described above, or no additional 
5 vector. These cultures are induced with IPTG (inducing expression of one or 
two Fab fragments), and the resulting Fab fragments and Fab mixes analysed 
for antigen binding in ELISA. To confirm exclusive or tolerant pairing, the Fab 
fragments are purified using IMAC and tested in a capture assay with antigen 
as described in example 2, The selected variable region pair can be further 

10 used to build an Oligoclonics™ mixture with either M57 or JB variable region 
genes (but not together), as in method 10. 

For making a mix of these three antibodies, the experiment is repeated 
using the VL-M57=JB from example 4 instead of the two original light chains 
VL-M57 and VL-JB. The result of the selection is a small number of Rabies 

15 antigen-specific VH-VL pairs derived from the phage library. The best 

candidate according to affinity, with designated variable regions VH-POl and 
VL-POl, is further tested as above to confirm that it is pairing-compatible 
with the VH-57, the VH-JB and the VL-M57=JB. Next, the following 
expression cassettes are introduced in the same E.coli host cell using the two 

20 plasmids described earlier for producing the competing Fab, using cloning 
methods familiar to those working in the art: in cassette (1), on one plasmid: 
the VL-M57=JB-CL and VH-CH1 of M57; in cassette (2): the VL-M57=JB and 
VH-CH1 of JB (a second copy is provided to obtain an excess of light chain for 
pairing with the two heavy chains); and in cassette (3), on the other plasmid: 

25 the VL-POl-CL and VH-POl-CHl. Induction with IPTG leads to the 

production of a mixture of Fab fragments with paired variable regions, which 
is then recovered using IMAC purification. Alternatively protein G purification 
is used. Using the binding and other assays described in the earlier examples 
for Rabies glycoprotein antibodies, the mixture is characterized. The contents 
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of the mixture is dependent on the growth and induction conditions of the 
bacteria and the primary amino acid sequences of the Fab genes. 

Example 10. Methods for production of Oligoclonics™ in eukaryotic 
5 cells 

A method for producing a mixture of antibodies in eukaryotic cells 
according to the invention, using expression in a recombinant host cell of 
multiple VH and VL genes resulting in the production of VH and VL proteins 
capable of pairing to form functional bivalent and bispecific antibodies, named 

10 Oligoclonics™, is exemplified herein. The general format of a eukaryotic 
expression vector for human monoclonal antibodies is shown in Figure 19. 

The VH and VL regions of human monoclonal antibodies specific for 
rabies virus obtained by any of the methods described in the previous 
examples, can be inserted into an eukaryotic expression vector cont ainin g the 

15 HATV20 leader sequence and all the coding sequences of the constant regions 
of human immunoglobulin heavy (for example IgGl) and light chains (for 
example a kappa light chain) essentially as described (Boel E, et.al. (2000). J. 
Immunol. Methods, 239:153-166). In this example the following variable 
region genes optimised for pairing are used: VH-M57, VH- JB (non-modified 

20 variable region genes, from example 2), VH-JA* (the optimised sequence of the 
VH of antibody JA, from example 5), and only one light chain, VL=M57=JB 
(from example 4). The resulting plasmids encoding heavy and light chains are 
transfected into eukaryotic cells such as the human cell line PER.C6™ and in 
Chinese hamster Ovary (CHO) to generate stable cell lines secreting 

25 antibodies. For this, published methods and methods known to persons skilled 
in the art are used (Boel E, et.al. (2000). J. Immunol. Methods, 239:153-166 
and WO 00/63403 ). For the generation of stable PER.C6™ cells secreting 
antibodies, PER. C6™ cells are seeded in DMEMplus 10% FCS and in tissue 
culture dishes (10 cm in diameter) or T80 flasks with approximately 2.5 x 10 6 

30 cell per dish or flask and kept overnight in an incubator at 37° C and 10% CO2. 
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The next day, transfections are preformed in separate dishes at 37° C using 
Lipofectamine (Invitrogen Life Technologies) according to standard protocols 
provided by the manufacturer. The plasmids encoding the monoclonal 
antibodies can be mixed in various ratios and used at a concentration of 1-10 
5 jag/ml. As controls, cells are subjected to the transfection procedure in the 
absence of plasmids. 

After 4 to 5 hrs, cells are washed twice with DMEM and fed with fresh 
culture medium. The next day, the culture medium is removed and cells are 
fed with fresh medium containing 500 |ig/ml of the antibiotic G418. Cells are 

10 fed every two or three days with culture medium containing 500 |ng/ml of 
G418. After about 20-22 days after initiation of the experiment, a large 
number of colonies is visible and from each transfection, 300 clones are picked 
and grown individually in 96-well plates and further expanded in 24-well, 6- 
well and T25 flasks. At this stage, cells are frozen in liquid nitrogen and 

15 production levels of recombinant immunoglobulin are determined in an ELISA 
according to standard procedures (e.g. Boel E, et.al. (2000). J. Immunol. 
Methods, 239:153-166 and WO 00/63403). At this stage of the culture 
procedure, G418 is no longer added to the culture medium. 

To establish the presence of anti-rabies antibodies in a mixture, a solid 

20 phase anti-rabies ELISA is performed. For the rabies virus ELISA, rabies 

virus glycoprotein is purified according to standard procedures (Dietzschold et. 
al., in: Meslin, F.-X. et. al. eds. Laboratory techniques in Rabies. World Health 
Organization, Geneva, page 175.) Plates (PolySorb™, Nunc) are coated with 5 
(ig/ml of glycoprotein diluted in PBS and 150 pi/well. The plates are then 

25 blocked with 5% powdered milk in PBS and washed in PBS containing 0.05% 
Tween20 (PBS-Tween) prior to the addition of supernatant samples. Following 
incubation at room temperature for 2 hrs, the plates are washed with PBS- 
Tween to remove unbound antibody present in the supernatant samples. 
Enzyme-conjugated or biotinylated secondary antibodies specific for various 

30 human heavy chain isotypes are added for 1 hr at room temperature and the 
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plates are subsequently washed with PBS-Tween. Detection of secondary 
antibody is performed according to standard procedures (e.g. Champion J.M. 
et. al., et, aL, (2000). J. Immunol. Methods 235:81-90); see also previous 
examples. Other analysis methods are described in examples 3, 4 and 12. 
5 Next, it is demonstrated that a clonal cell line accounts for the 

production of each of the binding specificities encoded by the plasmids, i.e. 
proving that a single cell is able to produce a mixture of multiple anti-rabies 
antibodies. For a limited number of colonies that secrete a mixture of all 
monoclonal antibodies, 30 clones selected from the initial panel of 

10 approximately 300, clonality is further established by subcloning under 
limiting dilution known to persons skilled in the art. Picked and expanded 
colonies are seeded in a 96 well plate at a concentration of 0.3 cells/well in 
DMEM with 10% FCS and expanded. Colonies of cells are processed as 
described above and are referred to as subclones. Subclones are screened by 

15 PGR on genomic DNA for the presence or absence of each of the three 

constructs. Further confirmation of the presence of the constructs is obtained 
by nucleotide sequence analysis of the PCR products. 

For a representative number of subclones, larger volumes are cultured 
to purify the recombinant human IgGl fraction from the conditioned 

20 supernatant using Protein A affinity chromatography according to standard 
procedures. Purified human Ig from the various subclones is subsequently 
analysed by SDS-PAGE, Isoelectric focusing (IEF) according to standard 
protocols (see also examples 3 and 12). 

Subclones that are shown to harbour the relevant plasmids are brought 

25 into culture for an extensive period of time to determine whether the presence 
of the plasmids is stable and whether expression of the antibody mixture 
remains the same, not only in terms of expression levels, but in particular the 
ratio between the various antibodies that are secreted from the cell. Therefore, 
the subclone culture is maintained for at least 25 population doubling times. 

30 At every 4-6 population doublings, a specific production test is performed using 



WO 2004/106375 



PCT/NL2004/000386 



109 

the human Ig specific ELISA and larger volumes are cultured to obtain the cell 
pellet and the supernatant. The cell pellet is used to assess the presence of the 
three constructs in the genomic DNA, either via PCR, Southern blot and/or 
FISH. The supernatant is used to purify the recombinant human Ig fraction as 
5 described. Purified human Ig obtained at the various population doublings is 
subsequently analysed as described, i.e. by SDS-PAGE, Iso-electric focusing 
(IEF) and binding in the inhibition ELISA. 

Example 11. Method for selecting antigen specific proteinacous 
10 compounds using mixtures of encoding DNA. 

The basis for the mixtures of antibodies present in Oligoclonics™ 
are immunoglobulin variable regions that encode human monoclonal 
antibodies that have been selected for their specificity, contain variable region 
genes with compatible pairing behaviour and are thus compatible with the 

15 Oligoclonics™ format. For example, antibodies that are encoded by different 
VH genes and bind to different epitopes but share the same VL gene are 
suitable for the Oligoclonics™ format. Example 7 describes how such 
antibodies are obtained. 

In this example, methods using eukaryotic expression systems to 

20 obtain human monoclonal antibodies with desired specificities and that share 
the same VL gene are described. Such repertoires' of human VH genes are 
PCR- amplified from the B lymphocytes of human individuals and typically 
harbour 10 8 -10 10 members. The method is known to persons skilled in the art 
and has been described many times in the literature; the amplification of 

25 antibody genes is also exemplified for human V-lambda libraries in example 4. 
The source of B lymphocytes may be any lymphoid organ including blood, bone 
marrow, tonsil, spleen, lymph node etc. The individual may be pre -selected 
because it is expected that B lymphocytes producing the antibodies of interest 
are enriched in those individuals because of e.g. a prior infection with a micro - 

30 organism or because of a prior immunization, or may be randomly picked. The 
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VH genes may be used unaltered in their coding region or may be altered, 
particularly in the CDR3 region to introduce novel specificities. Such VH genes 
are known in the art as synthetic or semi-synthetic VH regions. Preferably, 
primers are used that selectively amplify members of a few VH gene families 
5 such as the large VH3 and VH4 gene families. Primers that amplify members 
of more VH gene families may also be used in procedures known by persons 
skilled in the art. 

Amplified VH regions are cloned into the eukaryotic expression 
vector for human monoclonal antibodies as described in example 10 and 
10 subsequently introduced into eukaryotic cells such as CHO cells or PER.C6 
cells. The expression plasmid shown in example 10 that harbours a VL gene is 
used (Figure 7). There are two alternatives: (1) the VL gene is co-transfected 
with the VH genes on a separate plasmid, or, (2) an approach particularly 
suitable when only one VL needs to be expressed the eukaryotic cells are 

15 already transfected with a human VL gene that is stably expressed. The 

eukaryotic cells are transfected with the repertoire of human VH genes cloned 
into the eukaryotic expression vector for human antibodies. High plasmid 
DNA concentrations are used to transfect the eukaryotic cells in order to 
introduce multiple copies of VH genes into a single cell. As a result a single cell 

20 will produce multiple antibodies, e.g. between 10-1000 different human 
antibodies. In the first approach, transfections are transient. In brief for 
PER.C6 cells, a 80 cm 2 tissue culture flask with cells is transfected by 
incubation for 4 hours with 140 \il lipofectamine + 10-1000 \ig plasmid DNA in 
serum-free DMEM medium. After 4 hrs, the medium is replaced with DMEM + 

25 10% FCS, and the cells are grown overnight at 37°C. Cells are then washed 
with PBS and the medium is replaced with Excell 525 medium (JEH 
Bioscience). The cells are seeded at a concentration that results in the 
outgrowth of approximately 100 transfected cells/well of a 96-well culture 
plate. After 5-6 days, the cell culture supernatant is harvested and assayed for 

30 the presence of specific antibody by solid phase ELISA. The cells that 
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correspond to the supernatants that score positive in ELISA are harvested and 
the VH genes are amplified by PGR. Subsequently, the amplified VH genes are 
cloned into the eukaryotic expression vector for human monoclonal antibodies, 
described in example 10. Thus a restricted repertoire of human VH genes is 
5 obtained. In this example, 100 cells that each harbour 100 VH genes yield a 
maximum of 10 4 VH genes. This repertoire is transiently transfected into 
PER.C6 cells that harbour the same VL gene using low plasmid plasmid DNA 
concentrations (0.1-1 fig/ml) such that on average a single cells harbours a 
single VH gene and transfected cells are plated out under conditions such that 

10 only approximately 10 cells/well will grow out. After 5-6 days, supernatants are 
screened in ELISA for specific antibodies and the cells corresponding to 
positive supernatants are harvested and used for PCR amplification of the VH 
genes. In this example, the maximum number of VH genes obtained is 
approximately 10. Each VH gene is separately transfected into PER.C6 cells 

15 and the VH gene encoding the desired antibody specificity is identified by 
screening the supernatants of clones in ELISA. 

In a second approach, the initial library of 10 8 -10 10 VH genes cloned 
together with a single VL gene into the plasmid described in Example 10, is 
transfected into PER.C6 cells and plated out in T80 cell culture flasks. After 4- 

20 6 days, the cells are harvested and mixed with red blood cells coated with the 
antigen of interest and individual cells are monitored for the secretion of 
specific antibodies against the coated antigen by the reverse haemolytic plaque 
assay, well-known in the art (e.g. Dammacco F et. al, (1984) Clin Exp Immunol. 
57:743-51). B lymphocytes inducing plaques are visualized under a light 

25 microscope and picked with a micromanipulator. The single transfected 

PER.C6 cell is transferred to an eppendorf tube, lysed and subjected to single 
cell PCR to amplify the VH genes. The advantage of this approach is that only 
a few rounds of selection are needed to identify the VH gene of interest. 

In a third approach, stable transfectants are used. After the 

30 transfection as described above, large collections of clones are grown 
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essentially as described in Example 10, with the exception that clones are not 
plated out under limiting dilution conditions. Instead, the cells after 
transfection are plated in microtitre plates such that after growth in the 
selective medium multiple clones per well arise (e.g. 100 cell clones per well as 
5 indicated in Figure 7). Each clone expresses multiple species of heavy chains, 
and each well contains multiple clones. The supernatant of these cultures are 
tested for antigen binding and the VH-genes are further enriched in cycles of 
PCR, cloning, transfection and screening, as described above. 

The expression of multiple antibodies by a single transfected 

10 eukaryotic cell is improved in all of these approaches by introducing anti- 
repressor DNA elements in the plasmid constructs for the expression of 
human monoclonal antibodies. Anti-repressor elements confer high level and 
stable expression of proteins in mammalian cells in a copy number -dependent 
fashion (Kwaks et. al. (2003), Nat. Biotechnol 21:553-558). The DNA 

15 fragments responsible for this effect are amplified from the clones described 
in this citation and introduced upstream of the heavy chain expression 
cassette. The human anti-repressor element nr. 40 (SEQ.ID.NO:15) is 
amplified from the pSDH vector containing the element (described in Kwaks 
et al), using flanking oligonucleotides that also incorporate restriction sites 

20 suitable for cloning (5' -GTCCCTAGGAATTCGATCAAGAAA GCACTCCGGG- 
3' and the reverse complement of 5'- CCTCATGATGTACATTAGAT 
CGAATTCGTAATACG-3'). In this example EcoRI (GAATTC) which is not 
present in this segment, is appended at both ends of the segment in a PCR 
reaction, and the fragment digested with EcoRI and cloned into an EcoRI - 

25 digested acceptor plasmid. In this example the latter is a chimeric plasmid of 
VHExpress and VLExpress, which is a composition made by cloning the full 
VHExpress plasmid (Figure 15), cut with Kpnl and EcoRI, and inserting the 
VK expression cassette that was digested with the same enzymes (described 
in Persic et al (1997) 187:9-18). The resulting plasmid, pABExpress40 

30 contains both heavy and light chain cassettes with their respective 
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transcriptional orientation in opposite directions, and the anti -repressor 
element positioned in the middle of the two transcription units. A schematic 
map of the plasmid is shown in Figure 22. This plasmid, pABExpress40 is 
used first in the cloning of the one chosen VL gene (using ApaLI and Pad 
cloning sites), resulting in pABExpress40-VL. This plasmid is used to receive 
the VH repertoire described above (as BssHII-BstEII fragment)(all of these 4 
sites are unique in pABExpress40 and pABExpress40-VL). The cloning of the 
repertoire is carried out as described for the lambda repertoire in Example 4, 
using in the PCR of IgM-primed cDNA a set of 9 oligonucleotides labelled 
'VH-back' and the mix of 4 'VH forward' oligonucleotides described in Table 1 
of de Haard, H.J. et al. (1999) J. Biol. Chem. 274: 18218-18230. The material 
is re-amplified using variants of the 9 oligonucleotides appended with 5'- 
TATC CGC GCG CAC TCC-.. and with the same VH forward mix, the 
product digested with BssHII and BstEII and cloned into pABExpress40-VL. 
The library is subsequently used as described in the previous examples to 
isolate panels of antigen binding clones. Similarly the vector is used to 
construct the expression plasmid for given sets of antibodies, such as the ones 
described in Example 10, further confirming that the flanking variable region 
genes by anti-repressor elements facilitates the efficient and stable 
production of multiple antibodies by a single cell. 

Example 12. Recovery and analysis of antibody mixtures using ELISA 
including the use of anti-idiotype and peptide mimotopes. 

Antibody mixtures containing Fc regions are recovered as indicated in 
Example 3 using Protein A affinity chromatography. Antibody fragments with 
Histidine tags are isolated using IMAC as described in Example 2. 

The resulting protein mixtures are analysed as follows. First instance 
we consider the case of an antibody mixture composed of different binding sites 
directed to the same target antigen, with all antibodies being the same isotype, 
carrying the same light chain, and the mixture containing both monovalent 
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bispecific and bivalent monospecific IgG-type antibodies. The following 
methods are available for analysing the mixture. The heavy chain variable 
region genes will yield different amino acid compositions and allow the 
following non-antigen- dependent analysis: (1) Isoelectric focusing gel analysis : 
5 this analysis relies on a different pi value for the various forms of the 

antibodies. In a mixture of two IgGs and one bispecific, these three molecules 
will each display a unique isoelectric point. Proteins with a different pi are 
separated via electrophoresis in a pH gradient. The method is semi- 
quantitative. If two proteins of the complex have only a minimal difference in 

10 their pi value, it will be difficult to separate them using this test, and the 

other tests cited are used. (2) Mass-Spectrometrv analysis : this analysis relies 
on the differential composition of the VH region, which, after digestion with 
proteolytic enzymes, yields a unique spectrum of peptides in MassSpec 
analysis. This method is predominantly qualitative. (3) Binding analysis based 

15 on anti-idiotvpe antibodies or peptide mimics : this analysis requires the 

availability of reagents that specifically recognize one antibody binding site in 
the presence of the other binding sites in the mixture. Suitable for this 
analysis are anti-idiotype antibodies which uniquely recognize the idiotype of 
the antibody. In this example where the antibodies share a common light 

20 chain, the unique features of the idiotype are formed mainly by the heavy 

chain determinants. Anti-idiotype antibodies are selected using the individual 
monoclonal antibodies as antigen in a selection of a large phage displayed 
antibody library using methods known to those in the art. Typically used are a 
non-immune antibody library (de Haard, H.J. et al. (1999) J Biol Chem 274: 

25 18218-18230), which yields Fab fragments, and a semi-synthetic phage 
antibody library (de Kruif et al. (1995) J. Mol. Biol. 248:97). Anti-idiotype 
antibodies are selected on immobilized M57 and JB antibodies from the cited 
non-immune antibody library, Using ELISA screening of the selected phage 
antibodies on these two monoclonal antibodies used for the selection, anti- 

30 idiotype antibodies that uniquely recognize one of the two binding sites are 
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identified. The respective Fab and scFv reagents selected from these library, 
are expressed as antibody fragments and purified using standard methods, for 
example described in these citations and in 'Antibody Engineering (2001), Eds. 
Konterman and Dubel, Springer Lab Manual), and described in example 2 for 
5 the scFv antibodies. The fragments are used in ELISA to determine which 
idiotype is present in the mixture, which is carried out in a quantitative assay. 
The anti-idiotype antibodies specific for the binding sites of M57 and JB are 
also used in virus competition experiments with the Oligoclonics™ preparation 
made in Example 10, to delineate the contribution of an individual binding site 

10 to the biological activity of the antibody mixture. Alternatively, the monoclonal 
antibodies are used to derive idiotype -associated peptides, linear or 
conformational peptides derived from the sequence of the antigen and still 
reactive with the antibody, for example via PepScan analysis, as was 
demonstrated for the rabies virus 'neutralizing antibody MAb 6-15C4 (van der 

15 Heijden et al (1993), J. Gen. Virol. 74:1539-45). An alternative is to isolate 
peptide mimotopes, with sequences unrelated to the original antigen yet 
specifically binding to the variable regions of the antibody. Provided the 
reaction is specific for a given antibody in the context of the other antibodies in 
the mixture, such peptides are also suitable for a specific analysis of the 

20 antibody mixture. Peptides with such unique reactivity to a given antibody are 
selected from phage display peptide libraries using methods essentially similar 
to those for phage antibody libraries. The binding test with the anti-idiotype 
antibodies and peptide-mimitopes is qualitatively or quantitatively, and a 
large series of binding tests are feasible, including ELISA, RIA, Flow 

25 cytometric analysis, BIAcore etc. 

We also disclose the analysis of an Oligoclonics™ mixture comprising 
multiple antibodies, in which each of the original antibodies binds to a 
different antigen. This resembles the situation in which the antibodies 
recognize the same antigen or target, and anti-idiotype reagents or peptide 

30 mimics are available. The analysis of multiple specificities in a mixture is 
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carried out as follows, keeping in mind that antigen is synonymous for anti- 
idiotype. The reactivity to individual antigens is tested in ELISA on all 
antigens separately, with standardized assays using the monoclonal antibodies 
and quantitative IgG ELISA test. Antigen is coated directly or indirectly, the 
5 plates incubated with the antibody mixture, and bound antibody detected with 
a anti-IgG reagent. This leads to a 'specific' activity of the preparation, that is 
a reactivity in relative units of activity per antibody quantity. The amount of 
bispecific antibody in the mixture is determined using a sandwich assay with 
one antigen coated and a second antigen, preferably labelled with HRP, 

10 Alkaline Phosphatase or biotin, or detectable using another antibody specific 
for this antigen, provided to the plate after the antibody mixture was 
incubated with the first antigen. 

If the antibodies present in the OHgoclonics™ mixture are binding 
different targets or different epitopes on the same target such that they are 

15 non-competitive, this feature can be used in an inhibition ELISA to determine 
the presence of the different antibodies in the mixtures produced by the 
transfected clonal cell lines. Consider an Oligoclonics™ m ade according to the 
methods of the previous examples using the antibodies specific for the Rabies 
glycoprotein isolated in Example 7 (which are non-competitive). For the 

20 inhibition ELISA, the same procedures as described for the standard anti- 
rabies ELISA as described above is used with some modifications. The 
Oligoclonics™ mixture produced by a clonal cell line is characterized as 
follows. Before addition to the wells coated with rabies glycoprotein, the 
supernatants of the transfected clonal cell line is diluted with an equal volume 

25 of a biotinylated rabies monoclonal antibody used to make the mixture. The 
biotinylated rabies monoclonal antibody is added in various concentrations, 
ranging from 0.1 to 10 jxg/ml. Binding of the biotinylated monoclonal antibody 
to the coated rabies glycoprotein is inhibited when the same non -biotinylated 
antibody is present in the mixture produced by the clonal cell line. The binding 

30 of the biotinylated antibody is visualized with streptavidine, conjugated to an 
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enzyme. As a control for binding and degree of inhibition, various 
concentrations of the biotinylated monoclonal antibodies diluted with an equal 
volume of culture medium without the mixture of antibodies or using the non- 
biotinylated antibody are used in the inhibition ELISA. This methods is also 
5 suitable to screen the mixture of antibodies at a very early stage after 

transfection (as in Examples 10 and 11): thus, for each supernatant containing 
mixtures of antibodies, the presence of individual antibody specificities can be 
determined. 

10 Example 13, Expression of three Fab fragments in the same 
eukaryotic cell 

For making a mix of these three antibodies, the expression experiment 
described in example 10 is repeated using the following antibody genes, of the 
M57, JB and POl antibody (the latter is formed by the VH-POl and VL-POl 

15 genes of example 9). Anti-idiotype reagents are separately selected on M57 and 
JB whole antibodies using a non-immune antibody library (see also 
examplel2). This yields anti-idiotype antibodies that react with either M57 or 
JB; these antibodies are also tested on the POl to confirm specificity for either 
M57 or JB idiotypes. Similarly, the POl antibody is used in similar selections 

20 to obtain an anti-Id reagent for the POl binding site. Next, the heavy chains of 
these three antibodies, M57, JB and POl, are cloned as VHCH1 fragments 
into VHExpress while deleting the gamma- 1 gene (thus encoding an Fd chain 
only), yielding pEU-VH-M57, pEU-VH-JB and pEU-VH-POl. The light chains 
VL-M57=JB-CL and VL-POl-CL are cloned into Vkexpress (Persic et al (1997) 

25 187:9-18), while deleting the CK gene from the cassette. First the fight chain 
plasmids are introduced into PER.C6 cells and a clone is selected that stably 
produces over 2 microgram/ml of both light chains (using methods described in 
example 10). This cell line, designated PL2-2, is subsequently transfected with 
the three heavy chain containing plasmids, and a large collection of cell fines is 

30 obtained that produce a variety of levels of antibody L and Fd chains. The best 
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candidate mixtures are purified on protein G affinity chromatography and 
tested for binding and composition as described in the previous examples, and 
also using the anti-Id reagents as described in example 12. The experiments 
provide confirmation that multiple Fab fragments, with appropriately paired 
5 variable region genes, are expressed as highly functional mixtures. 

Example 14. Cloning and expression of three antibodies directed to 
different antigens as an Oligoclonics™ mixture. 

Using the methods of the previous examples, antibodies with the same 

10 light chain are isolated against three different antigen, TNF -alpha, 

Interleukin-lbeta (IL-lbeta) and Interleukin-6 (IL-6), using a semi-synthetic 
library scFv library from example 7 and described in (de Kruif et al. (1995) J. 
Mol. Biol. 248:97). In the selection, biotinylated recombinant cytokines 
(purchased from R&D systems), are used, at decreasing concentrations during 

15 selection (250 nM, 100 nM and 50 nM). From the panels of antibodies 

generated against each of the targets after three rounds of selection, those 
scFv antibodies that neutralize the activity of the cytokine are identified. For 
this the antibody fragments are recloned into pSCFV and purified using IMAC 
as in example 2. Biological assays used are well known to those skilled in the 

20 art and include a L929 neutralization assay for TNF-alpha. Neutralizing 
clones are identified against TNF-alpha, IL-lbeta or IL-6. The potency of 
neutralization can be improved by further affinity maturation techniques. For 
example the CDR1 and CDR2 of the VH can be mutagenized and variants 
selected using phage display and tested for improved neutralization activity. 

25 These three antibodies have an identical light chain and have heavy chain 

variable regions that are distinct from one another, with most changes located 
in the CDR3. 

The antibody variable regions are cloned into the eukaryotic expression 
described in example 10, and essentially following the same procedure, CHO- 
30 cell lines identified that express mixture of the one light chain and three heavy 
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chains. The analysis of the mixtures is carried out using ELISA to 
demonstrate binding to three antigens in a subset of the cell lines identified. A 
clone stably producing all three antibodies in a approximate ratio of heavy 
chains of 2:1:1 is identified using the techniques described in examples 10 and 
5 12. The cell lines is expanded and the mixture purified on Protein A and 

extensively tested to determine its composition. Using ELISA tests in various 
formats, with indirectly coated biotinylated antigen, with directly coated 
antigenl, adding sample, followed by biotinylated antigen 2 and detection with 
Strep-HRP, and using samples of the mixture that have been depleted on TNF, 

10 IL-lbeta or IL-6-coated beads, is it shown that the mixture contains three 
monospecific antibodies and three bispecific antibodies. The exact ratio 
between these six components is established by using quantitative ELISA 
tests and by IEF analysis of the mixture, as shown in example 12. The 
neutralization efficacy of the mixture for the individual cytokines was 

15 confirmed with the assays as tested before. The neutralization of these 

cytokines in more complex systems, for example using mixed cell populations, 
may establish a synergistic effect of the neutralization of these components by 
the Oligoclonics™ mixture. 

20 Example 15. In vitro pairing of antibody chains produced in different 
cells to form defined antibody mixtures. 

Alternatively to the expression in one host cell, antibody mixture can 
also be assembled ex vivo. The chains can be expressed separately and 
combined with a set of potential partner variable regions for pairing and 

25 assembly of the molecule. 

In this prophetic example, a mixture of Fab fragments with pairing- 
compatible variable regions will be made as follows. The heavy chain variable 
regions of M57, JB and POl (Example 9) will first be cloned separately into an 
appropriate pET expression plasmid, such that this will mediate the 

30 expression of the Fd chain tagged with 6 Histidines inside the E.coli, as 
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inclusion bodies. A suitable vector can be found in Novagen's pET Table, such 
as pET21d+ (see also 

http://www.novagen.com/Includes/wrapper.asp ?href=/SharedImages/Novagen/ 
pETtable.htm&section^echResources&subsection=TechLit&strsubsection=te 
5 chresources). The cloning will then be carried out by PCR of the VHCH1- 
containing templates (from example 9) using oligonucleotides to provide 
appropriate cloning sites and also the C -terminal Histidine tag. These three 
plasmids will be introduced into separate Kcoli host cells. The expression of 
the Fd fragments can then be induced and the protein demonstrated to be 

10 present in inclusion bodies. The two light chain variable regions, VL-M57=JB 
and VL-POl can also be suitably cloned into a suitable pET vector (although 
alternatively they could be obtained by secretion from a secretion vector like 
pFab-sol-pbr). After expression of the separate light chains, they should also 
be retrievable from the intracellular fraction. To assemble the mixture of three 

15 functional Fab fragments, the following procedure can then be followed. First 
the approximate and relative quantities of the individual L or Fd chains is 
estimated by gel-electrophoresis and Western blot. Then five 50-ml cultures of 
E.coli carrying one of five antibody variable regions are grown and induced as 
described in the pET manual from Novagen. After induction and growth, the 

20 pelleted cells of each of the chains can be resuspended in 8 ml 8 M urea (in 
PBS). After sonication, the five suspensions would be mixed in a ratio of 
approximately 1:1:1:4:2 for VH-M57, VH-JB, VH-POl, VL-M57=JB, VL-POl 
(thus with a 2-fold excess of light chain over heavy chain, and more of the 
twice needed VL). After this mixing of the denatured heavy and light chain 

25 variable regions, the mix will be rotated head over head for 2 hrs. Insoluble 
material may then be removed by centrifugation for 30 min at 13,000xg. The 
supernatant is dialysed against PBS with four buffer changes, and insoluble 
protein further removed by centrifugation. The flow through fraction, obtained 
by filtration through a 0.2 fim membrane, should contain the refolded 

30 antibody mixture with pairing-optimised chains. The mixture may be further 
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concentrated and purified, first using MAC, which should retrieve all heavy 
chains and their paired light chains, followed by semi-preparative gel- 
filtration on a Superdex 75HR column (Pharmacia). The yield may be 
determined by measuring the optical density at 280 nm (using a molar 

5 extinction coefficient of 13 for Fabs). The mixture may be further 

characterized by analysing the binding to the Rabies antigen. Since all 
functional Fabs should bind this antigen, a straightforward capture assay 
with antigen may be performed to determine the level of functional binding 
sites. There are many alternative protocols to this procedure, including the 

10 use of other extraction methods, other denaturation reagents, renaturation 
conditions and buffers, etc. Alternatively to this procedure, both chains may 
also be secreted, and re-assembled using the conditions described by Figini et 
al (1994) J. Mol Biol. 239: 68-78. 

15 Example 16: Screening antibody mixtures targeting murine vascular 
endothelial growth factor 

The antibodies used in this example are described in WO 03102157A2 
(Inventors Fuh and Sidhu). The antibodies were derived by in vitro selection of 
a display library in which only the heavy chain was diversified. The repertoire 

20 with a fixed light chain and variable heavy chain was selected on murine 
vascular endothelial growth factor (mVEGF) and a large panel of antibodies 
binding mVEGF identified (Sidhu et al, J Mol Biol 2004, 338:299-310). The 
source of the antibody heavy and fight chain variable genes used in the 
repertoire was the humanized antibody 4D5. Antibody 4D5 is a humanized 

25 antibody specific for a cancer-associated antigen known as Her-2 (erbB2). The 
antibody includes variable domains having consensus framework regions; a 
few positions were reverted to mouse sequence during the process of increasing 
affinity of the humanized antibody. The sequence and crystal structure of 
humanized antibody 4D5 have been described in U. S. 6,054,297, Carter et al, 

30 PNAS 54:4285 (1992); the variable region sequences of the heavy and light 
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chains are also given in Figure 14 and SEQ. ID NO: 23 of WO 03102157A2; 
finally the crystal structure of 4D5 is shown in J Mol. Biol. 229:969 (1993) and 
online at www.ncbi.nih.gov/structure, structure 1FVE. 

An Oligoclonics™ mixture consisting of 4 different mVEGF binding 

5 antibody binding sites is obtained as foUows. Antibodies with clone numbers 4, 
69, 73 and 74 as in Table 6, page 306 of (Sidhu et al, J Mol Biol 2004, 338:299- 
310), were selected on the basis of mVEGF binding as scFv on phage and as 
Fab protein (same Table 6). The antibodies share an identical light chain (of 
the Herceptin antibody, 4D5; as described in WO 03102157A2), but have 

10 differences in their heavy chain amino acid sequence as depicted in Table 6 of 
this paper. 

The h4D5 antibody is a humanized antibody that specifically recognizes 
a cancer-associated antigen known as HER-2 (ErbB2) developed as described 
previously. The h4d5 VL gene is obtained by polymerase chain reaction using 

15 the humAb4D5 version 8 C'humAMD5-8"; Carter et al., (1 992) PNAS 89:4285- 
4289) sequence and primers engineered to give rise to a 5' ApaLI site and a 3' 
Pad site in the PCR product. The PCR product was cleaved with ApaLI and 
Pad and ligated into the pABExpress vector (the vector described in Example 
11 and in Figure 23 but without the STAR40 sequence cloned into the EcoRI 

20 site). This yields plasmid pAb-4D5-VL, which encodes the expression of a 

functional 4D5 light chain (with human Ckappa constant region), and contains 
a polylinker region suitable for cloning VH regions. The VH regions from 
clones 4, 69, 73 and 74 are then cloned into this vector, using BssHII and 
BstEII restriction sites, and following the cloning route described in the 

25 previous examples (by providing the nucleotides encoding these restriction 
sites into the PCR primers in such manner that the cloning will yield an in- 
frame insertion encoding a fully functional antibody variable domain). This 
yields plasmids pAb-IgG-04, pAb-IgG-69, pAb-IgG-73 and pAb-IgG-74. 

These plasmids encoding heavy and light chains are transfected into the 

30 human cell line PER.C6™ to generate stable cell fines secreting multiple of 
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the mVEGF binding antibodies. For this, published methods and methods 
known to persons skilled in the art are used (Boel E, et.aL (2000). J. Immunol. 
Methods, 239:153-166 and WO 00/63403 ). For the generation of stable 
PER. C6™ cells secreting antibodies, PER. C6™ cells are seeded in DMEM plus 
5 10% FCS and in tissue culture dishes (10 cm in diameter) or T80 flasks with 
approximately 2.5 x 10 6 cell per dish or flask and kept overnight in an 
incubator at 37° C and 10% CO2. The next day, transfections are preformed in 
separate dishes at 37° C using Lipofectamine (Invitrogen Life Technologies) 
according to standard protocols provided by the manufacturer. The plasmids 

10 pAb-IgG-04, pAb-IgG-69, pAb-IgG-73 and pAb-IgG-74 are mixed in a 1:1:1:1 
ratios and used at a concentration of 2.5 yg/ml each. As controls, cells are 
subjected to the transfection procedure in the absence of plasmids, or with just 
a single plasmid. After 4 to 5 hrs, cells are washed twice with DMEM and fed 
with fresh culture medium. The next day, the culture medium is removed and 

15 cells are fed with fresh medium containing 500 fig/ml of the antibiotic G418. 
Cells are fed every two to three days with culture medium containing 500 
|ig/ml of G418. After about 20-22 days after initiation of the experiment, a 
large number of colonies is visible and from each transfection, 400 clones are 
picked and grown individually in 96 -well plates and further expanded in 24- 

20 well, 6-well and T25 flasks. At this stage, cells are frozen in liquid nitrogen 
and production levels of recombinant immunoglobulin are determined in an 
ELISA according to standard procedures (e.g. Boel E, et.al. (2000). J. Immunol. 
Methods, 239:153-166 and WO 00/63403). At this stage of the culture 
procedure, G418 is no longer added to the culture medium. 

25 To establish the presence of at least one functional anti-mVEGF 

antibody in a clone's culture supernatant, a solid phase ELISA is performed. 
Plates (PolySorb™, Nunc) are coated with 2.5 jig/ml of mVEGF (R&D Systems, 
recombinant Mouse VEGF120 and VEG164, both carrier free) diluted in PBS 
and 100 [il/well overnight at 4°C. The plates are then blocked with 2% BSA in 

30 PBS for 2 hrs and washed in PBS containing 0.05% Tween20 (PBS-Tween) 
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prior to the addition of cell supernatant samples containing antibodies. 
Following incubation at room temperature for 2 hrs, the plates are washed 
with PBS-Tween to remove unbound antibody present in the supernatant 
samples. Horseradish peroxidase- conjugated anti-human IgG is then added in 
5 PBS for 1 hr at room temperature and the plates are subsequently washed 
with PBS-Tween (2x) and PBS (2x). Detection of secondary antibody is 
performed according to standard procedures and the absorbance determined 
spectrophotometrically (see also previous examples). It is found that of the 400 
clones screened, a substantial fraction produces a minimal IgG quantity. 

10 Since only a limited number of colonies secrete a mixture of the 4 

mVEGF antibodies, 50 clones selected from the initial panel of approximately 
400, that are strongly reactive in the IgG-ELISA, clonality is further 
established by subcloning under limiting dilution. Picked and expanded 
colonies are seeded in a 96 well plate at a concentration of 0.3 cells/well in 

15 DMEM with 10% FCS and expanded. Colonies of cells are processed as 

described above and are referred to as subclones. While the initial transfection 
experiment used a ratio of DNA for the 4 plasmids pAb-IgG-04, pAb-IgG-69, 
pAb-IgG-73 and pAb-IgG-74 of 1:1:1:1, the cell subclones still display a variety 
in the expression levels for each of the antibodies. This is due to their 

20 independent expression regulation and their random integration into the 

genome. Further, since the same selection marker is used on all plasmids, the 
subclones express at the most 4 antibody binding sites, but not necessarily all 
4 of them. The precise number depends on the transfection experiment; 
approximately 20-30% of the Ig-reactive clones express multiple antibody 

25 heavy chains, and of these, approximately 20% express more then 2 antibody 
heavy chains. Method to increase these frequencies have been described earlier 
herein. 

Screening to find the most optimal mixture of these 4 mVEGF-binding 
antibodies, as Oligoclonics™ mixture with bivalent and bispecific components, 
30 is done as follows. Optimal mixture here means with regards to which of the 4 



WO 2004/106375 



PCT/NL2004/000386 



125 

antibody binding sites are optimally present in the mixture, and at which ratio 
they should be present. For the 50 subclones as well as for one IgG-reactive 
clone from the control transfectants made with just one antibody encoding 
plasmid, larger volumes are cultured to purify the recombinant human IgGl 
5 fraction from the conditioned supernatant. This is done using Protein A 

affinity column chromatography according to standard procedures (Ed Harlow 
and David Lane, Using Antibodies, A Laboratory Manual, 1999, ISBN: 
0879695447). These mixtures and the monoclonal antibody controls are tested 
for their neutralization activity on mVEGF in a 3 H-thymidine incorporation 

10 assay using human umbilical vein endothelial cells (Conn et al, 1990, 

Proc.Natl.Acad.Sci. USA 87: 1323-1327). The inhibitory activity of each of the 
mixtures is compared to the inhibitory capacity of the 4 individual monoclonal 
antibodies. Mixtures that display a higher inhibitory activity on a molar basis 
compared to the activity of the monoclonal antibody controls putatively contain 

15 multiple antibodies that in combination mediate a synergic effect on the 
activity of VEGF. Next assays that indicate the binding to mVEGF, the 
affinity of the interaction of the mix, the competition in binding with receptor 
(Flt-1 and KDR-1), are used. A binding assay is described above (solid phase 
ELISA). Assays to determine the relative affinity of the mixes are described in 

20 Sidhu et al, J Mol Biol 2004, 338:299-310, page 308 (affinity measurements by 
competitive ELISA), with Fab and phage -displayed antibodies replaced with 
the mixtures of antibodies or the monoclonal antibodies as controls. An 
increase in relative affinity indicates a strong synergistic activity between the 
antibodies in the mixture, as described in Marks, Movelent Disorders, vol 19, 

25 suppl. 8, 2004, p. S101-S108, for antibody mixtures binding to nonoverlapping 
epitopes of botulimun neurotoxins. Other assays to demonstrate the activity of 
the mixture of the antibodies on VEGF either in vivo or in vitro, are well 
established in the field and are for example described in WO 03102157A2, EP 
0666868B1 and WO0044777A1. 



WO 2004/106375 



PCT/NL2004/000386 



126 

Since VEGF displays activities in many processes, including 
mitogenesis, angiogenesis, endothelial cell survival, induction of 
metalloproteinases and growth factors, regulation of permeability/flow, 
recruitment of endotheUal progenitor cells etc, any other single assays or 

5 combinations of assays can be used to determine the effect of the antibody 
mixtures on the activity of VEGF. The antibody mixtures can be screened in 
any of these assays, or combinations of assays, to find those compositions that 
have an effect in a defined set of assays, or have an effect in one but not in 
another assay. Further or instead of the in vitro assays, in vivo assays can be 

10 used to measure the overall effect of the antibody mixture on the 

pharmacokinetics of the antigen, and demonstrate improved clearance as 
mechanism of the synergic activity of the multiple antibodies in the 
Oligoclonics™ mixture. 

Mixtures are further characterized biochemically to find which 

15 antibodies are present and in which ratio, as described in Example 12. 

Example 17: Pairing compatible antibodies for producing a mixture of 
HER2/ErbB2 targeting molecules 

Trastuzumab (Herceptin, or h4D5, or hu4D5, see example 16) and 

20 pertuzumab (Omnitarg, humanized 2C4) are both recombinant monoclonal 
antibodies that target different extracellular regions of the HER-2 tyrosine 
kinase receptor. Recently it was shown that these antibodies synergistically 
inhibit the survival of breast cancer cells in vitro (Nahta et al, Cancer 
Research 64, 2343-2346, 2004). Herceptin is active against HER-2 

25 overexpressing metastatic breast cancers, leading to its approval in 1998 by 
the US FDA. In contrast to Herceptin, pertuzumab sterically blocks HER-2 
dimerisation with other HER receptors and blocks ligand -activated signalling 
from HER-2/EGFR and HER-2/HER-3 heterodimers. On the other hand, 
trastuzumab blocks ErbB2 shedding while pertuzumab does not. Mixtures of 

30 antibodies directed to the same target antigen but that display different or 
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non-overlapping mechanisms of action will be very valuable in the therapeutic 
arsenal, and production of such multiple antibodies in a commercial manner 
will become very important. In this example we describe how pairing 
compatible versions of these two antibodies are isolated, and used to build an 
5 Oligoclonics™ with an expected increase in potency and efficacy in tumour cell 
killing compared to the original monoclonal antibodies. 

Anti-HER2 antibodies 4D5 and 2C4 are described in WO0100245A2 and 
in Fendly et al, Cancer Research 50:1550-1558 (1990). The molecular structure 
and sequence of the humanized version of antibody 2C4 is described in Vajdos 

10 et al, J Mol Biol 2002, 320, 415-428, in PDB database reference 1L7I, and in 
WO0100245A2 (version 574 in Table 2 on page 54, or rhuMAb2C4 in 
continuation of this document). For simplicity here '2C4' is used to indicate the 
humanized version 574 of the murine 2C4 antibody. Its structure in complex 
with the first three domains of ErbB2 was recently published (Franklin et al, 

15 Cancer Cell, 5, 2004, 317-328. The structure and sequence of h4D5 or 
Herceptinwas described by Cho et al, Nature 2003, 421, 756-760, and is 
deposited as 1N8Z in the PDB database. Outside of the complementarity- 
determining regions (CDRs), pertuzumab is identical in sequence to 
trastuzumab (Carter et al., Proc. Natl. Acad. Sci. USA 89, 4285-4289, 1992); 

20 consequently, the local structure of the pertuzumab Fab in the ErbB2- 
pertuzumab complex is expected to be largely the same as that of the 
trastuzumab Fab. To build a pairing compatible single light chain that will 
restore a functional binding site when paired with the h4D5 VH but also when 
paired with the 2C4 VH, the following route is followed. 

25 

Designing pairing compatible light chains 

The amino acid differences between the light chains of hu4D5v8 (the 
humanization variant described by Kelly et al, 1992, supra, indicated by 
hu4D5 or h4D5 in the next section) and 2C4 have been mapped to be 11 
30 residues as highlighted in Figure 23. In the CDR regions of the light chains, 
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there are 4 differences in CDR1, 3 in CDR2 and 4 in CDR3. In most straight 
forward to follow in the absence of structural data on the antibodies and their 
interaction with antigen, is to build a library of light chain that have been 
diversified at these positions, and screen or select for variant light chain that 
5 maintain antigen-binding behaviour when paired with the heavy chains of 
both antibodies, h4D5 and 2C4 . The diversification can be chosen to contain 
all possible 20 amino acids or a subset thereof, for example all residues but 
cysteine (which is not normally occurring at these 11 positions), or a selected 
set of amino acids that frequently occurs in antibodies at these positions. The 

10 design of a light chain repertoire based on all 11 amino acid differences 
between h4D5 and 2C4 is given in Figure 23, in line HYB1. 

A second approach to build a pairing-compatible variable hybrid light 
chain region for two antibodies, is to further employ structural information on 
the interaction of the antibodies with their respective antigen or antigens. In 

15 the example of h4D5 and 2C5, a wealth of structure -function information is 
available to guide the design of a hybrid fight chain library. In this design, 
HYB2 in Figure 23, all the light chains in the designed repertoire retain all of 
the common residues between the two original light chains of hu4D5 and 2C4, 
and a selection of residues at the positions where the original two fight chains 

20 differ in composition, in which the selection is based on structural information 
on the antibody-antigen interaction. While some . of the design may be based on 
this information, it is also noted that point mutations of h4D5 have been 
shown to dramatically effect the biological behaviour of the antibody: the 
antiproliferative activities of the humanized variants of 4D5, which differ only 

25 in maximally 7 amino acid residues, were found not to be strongly correlated 
with antigen affinity (Kelley et al, 1992, supra). Thus it will be required to 
sample multiple versions of pairing -compatible fight chains, and test the 
biological activity of the combinations after the antigen-selection and binding 
characterization to ensure maintenance of the biological activity. 
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The following HYB2 library design was made, based on the following 
observations: 

CDR1. The sequence plasticity of the antigen-binding site of Herceptin 
was analysed in a study by Gerstner et al (J Mol Biol 2002, 321:851-862. From 
5 these studies it appears that for trastuzumab residues N30 may be readily 
replaced by Serine (Table 1, Class 1 mutation VL30, of Gerstner et al, supra). 
Serine is the residue used at this position by 2C4. Thus the pairing-compatible 
hybrid light chain is designed to contain Ser at position 30. The rest of the 
CDR1 is taken from the Herceptin light chain, as this region appears to be 
10 irrelevant for antigen binding in 2C4 (Franklin et al, supra). 

CDR2. By alanine-scanning and homolog-scanning of the Fab2C4 
antibody it was revealed that most of the side -chains that contribute to 
antigen binding, are located in the heavy chain (Vajdos et al, supra). This was 
recently confirmed by the crystal structure of the antibody in complex with 
15 antigen: the light chain of pertuzumab Fab makes only a few contacts with 

ErbB2, mostly via CDR L2 (possibly via residue 55) and some via L3 (Franklin 
et al, supra). Some of 2C4's residues in this region may be converted to h4D5's 
residues without loss of affinity, as suggested by experiments with humanized 
versions of 2C4 described in WO0100245A2 (page 54), in particular what may 
20 be possible is to choose h4D5 , s VL's residues at positions 54 and 56. The Phe at 
position 53 in Herceptin appears to be relatively conserved, with some 
presence of Trp, while the other positions in this CDR regions were not tested. 
Since some of these CDR2-based residues may be also important for 
positioning neighbouring heavy-chain based residues for antigen binding, in 
25 the hybrid light chain design, the three residues which are different between 
h4D5 and 2C4 are diversified fully, such that the selection process can identify 
which of the 8000 combinations will yield a pairing-compatible light chain. 

CDR3. Tyrosine 91 of 2C4 is said to be important for antigen binding 
(Franklin et al, supra) but its substitution with phenylalanine (F) is acceptable 
30 (Vajdos et al, supra). Herceptin at this position in the light chain besides its 
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original residue histidine tolerates several other aromatic side chains 
including Phe, Tyr and Trp (Table 1, page 854 in Gerstner et al, supra). Thus 
the hybrid light chain is designed to contain Phe at position 91 (Figure 23). For 
2C4 antigen binding of the other residues of the H3 loop is relatively resistant 
5 to mutagenesis as in Gerstner et al, with the exception of the Pro at position 
95. But his residue is shared between the Herceptin and 2C4 antibody light 
chains. In the interaction of Herceptin with antigen there are more likely 
interactions of the CDR3 regions with antigen, thus in the hybrid light chain, 
all but residue 91 is taken from Herceptin-VL (Figure 23). 
10 In the final HYB2 design, amino acids are taken for 6 out of 11 positions 

from the h4D5 VL, 1 out of 11 from the 2C4 VL (pos. 30), 1 is a residue not 
found in either VL (pos. 91) and the 3 are to be randomised (in CDR2). 

HYB1 library construction and selection of pairing compatible VLs 

15 The two libraries of light chains are constructed as follows. In the 

HYBl-designed VL library, 11 residues are randomised, implying that the 
total theoretical amino acid diversity (20expll) is much larger than can be 
readily screened. To sample the diversity in this library, a powerful selection 
method is therefore used. The heavy chains (VH) of h4D5 and 2C4 are cloned 

20 into the Sfil-BstEII cloning sites from pCESl (de Haard et al, 1999, J Biol 
Chem 274, 18218-30) using PCR and oligonucleotides binding to the 5* and 3' 
end of the nucleotide sequences of the VH genes and introducing Sfil and 
BstEII sites at appropriate sites for in-frame cloning (as described for antibody 
VH genes in de Haard et al, supra; the BstEII site is already present in the JH 

25 region of both h4D5-VH and 2C4-VH). The template for the PCR of the VH of 
h4D5 is plasmid pAKl9 carrying the humanized 4D5 variant number 8, 
hu4D5-8, described in Kelly et al, 1992, Biochemistry 31:5435-5441, Table 1. 
The nucleotide sequence of this clone is essentially described in Carter et al. 
1992, P.N.A.S. 89:4285^4289, in Figure 1, as huMAb4D5-5, with two 

30 alterations (V102Y in CDR3 of the VH, and E55Y in CDR2 of VL, as described 
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in Kelly et al, 1992, supra). The VH sequence can also be extracted as Sfil- 
BstEII fragment from SEQ.ID.NO.: 17 as described below. The template for 
the PCR reaction of the VH of 2C4 is plasmid pC2C4, described on page 425 of 
Vajdos et al, supra. The VH sequence can also be extracted from the Ncol- 
5 BstEII insertion inside the larger BssHII- Notl-fragment from SEQ.ID.NO.: 
17. The cloning of the PCR products into pCESl is carried out as described for 
human antibody heavy chain VH pools and using standard cloning procedures. 
pCESl is a phagemid vector that is suitable for the expression of Fab 
fragments in E.coli and for the display of Fab fragments on the surface of 
10 filamentous phage (de Haard et al, 1999, supra). Two plasmids with correct 
insert are identified by sequencing the insertion and junction region and the 
resulting plasmids named pCES-VH-h4D5 and pCES-VH-2C4. These are the 
acceptor plasmids for the light chain repertoire, HYB1. The VLCL coding 
region of hu4D5v8 is amplified using specific oligonucleotides priming in its 5' 
15 and 3' region and introducing ApaLI and AscI restriction sites as described in 
de Haard et al, supra, for human VLCL chains. As template pAKl9 carrying 
the humanized 4D5 variant number 8 (hu4D5-8, described in Kelly et al, 1992 
Biochemistry 31:5435-5441, Table 1) is used. The PCR product is cloned as 
ApaLI-AscI fragment in pCES-VH-h4D5, to yield pCES-Fab-h4D5. This 
20 encodes a functional h4D5 Fab fragment. HYB1 is produced using described 
methods with 'stop' template versions of this plasmid. The stop template 
version is made by replacing one codons in each of the CDR1, CDR2 and CDR3 
of the hu4D5-v8 - VL with TAA stop codons. Methods to diversify the VL- 
template have been extensively described in the literature including in WO 
25 03102157A2, in "Directed Mutagenesis, a Practical Approach", Ed. M.J. 

McPerson, IRL Press 1991. The method used here is the Kunkel method; this 
yields the stop template of the VL in plasmid pCES-Fab-h4D5-3ST. The stop 
template version of h4D5-VL is used as a template for the Kunkel 
mutagenesis method (Kunkel et al 1987, Methods in Enzymol 154:367-382), 
30 using mutagenic oligonucleotides designed to simultaneously repair the stop 
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codons and introduce mutations at the designed sites. Mutations in all 3 CDRs 
of the VL are introduced simultaneously in a single mutagenesis reaction. 
This is extensively described in Sidhu et al 2000, Methods Enzymol 328:333- 
363. The mutagenesis reaction is electroporated into E. coli SS320 (Sidhu et 
5 al., supra), and the transformed cells are grown overnight in the presence of 
M13 -VCS helper phage to produce phage particles that encapsulated the 
phagemid DNA and displayed Fab fragments on their surfaces. Methods for 
phage-display library manipulation, selection and screening of clones has been 
described in the literature, for example see de Haard et al, supra; Vajdos et al, 

10 supra and also the other examples). The resulting 4D5-HYB1 library contains 
greater than 1 x 10 8 unique members. This 4D5-HYB1 library is selected twice 
on HER2 antigen as described in Vajdos et al, supra, to yield a population of 
more than 65% of antibodies with antigen-binding activity. These antibodies 
share their VH region, but most carry different light chains. The light chains 

15 of this population are obtained as ApaLI-AscI fragment (VLCL), and cloned as 
a pool into pCES-VH-2C4. This new library now contains a subset of the light 
chains of HYB1 that are likely to be compatible with antigen binding in the 
context of h4D5. The library is selected once on antigen, and clones identified 
that mediate antigen binding. Light chains with identical amino acid sequence 

20 and that mediate antigen-binding when paired with the h4D5-VH and with 
the 2C4-VH are identified by sequencing a panel of Ag-reactive clones from 
the selected h4D5-HYBl library, and of Ag-reactive clones from the selected 
2C4 sublibrary, and comparing the sequences. Besides using antigen- 
reactivity in phage ELISA as readout, the reactivity of the Fab fragments is 

25 tested in ELISA (as described in de Haard et al, supra). This leads to the 
identification of a panel of VLs that display are functionally pair with both 
VH-h4D5 as well as VH-2C4. Within the panel the best VL is identified by 
determining the affinity of the interaction and the biological activity of the 
two respective Fab firagments. Methods for affinity determination and 
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biological activity of anti-HER2 Fab's are described in Kelley et al, 1992, 
supra and Gerstner et al, 2002, supra, and are described further below. 

HYB2 library construction and screening of pairing compatible VLs 
5 The HYB2-designed VL library contains 8000 variants only. Here a 

different route is followed to allow simultaneous expression, and detection of 
antigen-binding variants, of h4D5 and 2C4 VH containing antibodies. First 
the VL in pCES-Fab-h4D5 is mutated by Kunkel site-directed mutagenesis 
(Kunkle et al., supra) with Asparagine 30 changed to Serine (N30S), and 
10 Histidine 91 changed to Phenylalanine (H91F), according to the design 

depicted in Figure 23. Of the resulting clone, p4D5-VLmut, phage and Fab are 
produced and tested for binding in a dilutions series for binding to Her-2 
(extra-cellular domain) coated plate phage ELISA, to confirm that h4D5 
maintains a minimal antigen -reactivity. Next a stop -template version is made 
15 from this plasmid, by replacing one codon in the CDR2 of the VL with a TAA 
stop codon (residue 55, tyrosine is mutated from 'tat' to 'taa'; this residue is 
said to be required in order to attain the antigen affinity of the humanized 
h4D5 antibody, Kelley et al, 1992, supra, thus will need to be fixed to TP to 
restore the reading frame and antigen-binding). This stop template version of 
20 the light chain of h4D5v8 is cloned into pSCFV-3 (Example 2 and Figure 14B), 
by amplification of the VLCL region from the CDR2 stop -template. The design 
of the oligonucleotides used in this amplification is such that the whole VLCL 
segment is amplified and that after digestion the segment can be directionally 
cloned for in frame expression of the light chain under control of the arabinose 
25 promoter of pSCFV-3, and without any C-terminal tags. Briefly the VLCL is 
amplified with primers binding to the 5' and 3' end of the cassette and at the 5' 
providing a long overhang in 2 PCR-reactions to encode a region of appr. 90 
nucleotides encoding ribosome binding sites, start codon and bacterial leader 
sequence, to produce an EcoRV-EcoRI fragment that is cloned into the Pacl- 
30 EcoRI sites bordering the third expression cassette in pSCFV-3. This plasmid, 
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pVLmutST, is used as acceptor for the two heavy chains, after an internal 
BstEII site at position 143 of the insert was removed. The sequence of the 
final PacI-EcoRI insert is given in SEQ. ID.NO: 16. The heavy chains 2C4 and 
h4D5v8 are cloned in 2 steps as VH-CH1 fragments into pSCFV-3 (Figure 
5 14B) to yield plasmid p2Fab-HER2 as indicated in Figure 24. First the h4D5 
VHCH1 region is amplified from pCES-VH-h4D5 and cloned as Sfil-BssHII 
fragment into pVLmutST, The design of the primers is such that they after 
cloning arrange appropriate reading frames with leaders and tags in pSCFV3, 
to yield the final junctional sequences as depicted in SEQ.ID.NO:17. Secondly 

10 the 2C4 heavy chain VHCHl is amplified from pCES-VH-2C4 and cloned as 
BssHII-NotI fragment into this plasmid. Similarly the design of the primers is 
such that they after cloning arrange appropriate reading frames with leaders 
and tags in pSCFV3, to yield the final junctional sequences as depicted in 
SEQ.ID.NO:17. This final plasmid, p2Fab-Her2, provides the expression of 

15 both heavy chain variable domains as Fd chains (linked to human gamma -1), 
and the expression of a yet stop codon containing light chain. The sequence of 
the Hindlll-NotI and Pad- EcoRI inserts of p2Fab-HER2 is given in SEQ ID 
Nos. 17 and 16, respectively. The heavy chains of the two humanized 
antibodies, h4D5-version 8 and 2C4-version 574 are provided as fusions to the 

20 human CHI domain, the Myc-and VSV tag respectively, and a HIS-tag for 

IMAC purification. The light chain in format VLCL is essentially derived from 
h4D5 but carries two designed VL-mutations at positions 30 and 91, a stop 
codon in the CDR2, and has an internal BstEII site removed without amino 
acid change. 

25 Plasmid p2Fab-HER2 is used as a template for the Kunkel mutagenesis 

method (Kunkel et al 1987, Methods in Enzymol 154:367-382), using 
mutagenic oligonucleotides designed to simultaneously repair the stop codon 
in the VL-CDR2 and introduce mutations at the 3 designed sites in CDR2, as 
indicated in Figure 23. After electroporation and plating (as before), a small 

30 library of 50,000 clones is screened for pairing-compatible VL versions as 
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follows. In the plasmid p2Fab-HER2, all three variable region genes are 
linked to a unique epitope tag that provides a way for their specific detection. 
Individual clones are picked into 96 -well plates (Nunc) and induced to express 
both heavy chains and the one light chain, using conditions as described in 
5 Example 4, with the exception that arabinose is also added as inducer at the 
same time as the IPTG. The next day the supernatant of the cultures is tested 
for the presence of HER2 reactive Fabs, in an ELISA essentially as in example 
4. Multiple assays are carried out with the same sample, using either anti-myc 
or anti-VSV secondary reagents to detect the presence of the h4D5-Fab or the 
10 2C4-Fab, respectively. 

A dual-reactive clone designated 3-8E3, which binds HER-2 in ELISA 
with both the anti-VSV and anti-Myc tag reagents, is chosen for further 
analysis. The Fab mixture of this clone is expressed to 10 -L scale level and 
purified from E.coli Supernatants according to Kelley et al, 1992, supra, page 
15 5435-5436. Briefly, the culture supernatant is microfiltered by tangential flow 
filtration, concentrated by ultrafiltration and filtered over DEAE-Sepharose- 
FF. The antibody mixture in the flow-through fraction is subjected to affinity 
chromatography on Protein-G-Sepharose-FF. The Fab mixture is eluted with 
0.1 M glycine, pH 3.0. The total protein concentration is determined by A280 
20 measurements using an G280 of 67 mM* 1 cnr 1 . 

The binding constant of individual Fab's or the apparent binding 
constant of the Fab mix are measured by ELISA essentially as described by 
Vajdos et al, 2002, supra, on page 426. Briefly, NUNC 96-well maxisorb 
immunoplates are coated overnight at 4°C with HER2-ECD (1 microgram.ml 
25 in 50 mM carbonate buffer, pH 9.6), and the plates blocked for 1 hr at room 
temperature with 0.5% BSA in PBS-0.05% Tween 20. Serial dilutions of Fab 
protein are incubated on the HER2-ECD coated plates for 2 hrs at room 
temperature, and the plates washed. Bound Fab is detected with biotinylated 
murine anti-human kappa chain antibody following by streptavidin - 
30 horseradish peroxidase conjugate (Sigma), using 3,3',5,5'-tetramethyl 
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benzidine (TMB) as substrate (Kirsgaard and Perry Laboratories, 
Gaithersburg, MD). The actual binding constant of one Fab in the mixture of 
two Fab's is measured by replacing the biotinylated murine anti-human kappa 
chain antibody of the above test with biotinylated anti-MYC-tag (for h4D5) or 
5 biotinylated anti-VSV tag (for 2C4) antibodies (antibodies similar to those 
described in Example 2). Titration curves are fit wit a four -parameter non- 
linear regression curve-fitting program (KaledaGraph, Synergy Software) to 
determine the EC50 values, the Fab concentrations corresponding to half- 
maximal binding signals. Examples for h4D5, 2C4 and the 3-8E3 mixture is 

10 given in Figure 25. The 3-8E3 mix is confirmed to contain two functional Fab 
antibody fragments, h4D5* and 2C4*, in which the * indicates that the light 
chain variable region is different from the two original humanized light chains 
of h4D5 and 2C4 (in Figure 24). The ratio of the two Fab antibodies that are 
present in the 3-8E3 mix is analysed by electrospray -ionization mass 

15 spectrometry essentially as described in Kelley et al, 1992, supra. There is a 
difference in the molecular weights of the Fab's on the basis of the heavy 
chains of 2C4 and h4D5 differing in appr. 68 dalton, well above the standard 
deviation of the assay (in the range of 3-7 dalton). 

The biological activity of the Fab mixtures is compared with that of the 

20 individual monoclonal Fab fragments. The growth inhibitory characteristics is 
evaluated using the breast cancer cell line, SK-BR-3 (see Hudziak et al, 1989, 
Mol Cell Biol. 9:1165-1172), using the assay conditions described on page 50 of 
WO0100245A2. An exemplary graph in Figure 25 shows the growth inhibition 
curves for h4D5 Fab and mixtures of 4D5* and 2C4* (see Example 17) that 

25 utilize different pairing-compatible light chains, indicated with VL1 to VL7. 
The Fabs are further evaluated for their ability to inhibit HRG -stimulated 
tyrosine phosphorylation of proteins in the Mr 180,000 range from whole-cell 
lysates of MCR7 cells, which are known to express all known ErbB receptors 
(as in WO0100245A2, page 50-51). As a control, 2C4 as Fab is used; this 
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antibody is very effective in disrupting the formation of the high affinity 
HER2/HER3 binding site on MCF7 cells. 

Once the activity of the Fab's in the mixture confirmed, the selected, 
pairing-compatible VL of 3-8E3, is used to build an Oligoclonics™ of the IgG 
5 format, essentially as described in the previous example 10. This results in the 
production of a 30 cell clones each producing a mixture of the bivalent h4D5* 
and 2C4* antibodies, and the bispecific combination; the IgG's are purified 
from the cell supernatants by protein A column chromatography as described 
above, and the concentration of the total IgG present in the mixtures 

10 determined. The biological activity of the resulting IgG -mixtures is tested as 
in Nahta et al, Cancer Research 64: 2343-2346 (2004), using a growth 
inhibition assay of BT474 breast cancer cells as described on page 2343 of this 
paper. Briefly BT474 cells are treated in triplicate with 2 -fold serial dilutions 
of the IgG mixtures in the range of 0.1-25 ng/ml. After 5 days cells are 

15 trypsinized and counted by trypan blue exclusion. The growth inhibition is 
calculated as the fraction of viable cells compared with untreated cultures. As 
controls the original antibodies hu4D5-v8 (trastuzumab) and 2C4 
(Pertuzumab) are used, as well as a 1:1 mixture of these monoclonal 
antibodies. The mixture with the most synergic activity between the two 

20 binding sites is identified based on the dose -effect plots as described in the 
legend of Figure 1 on page 2344 in Nahta et al, 2004, supra. Other test to 
confirm the synergistic activity are described in this paper (in vitro tests: 
apoptosis induction, Akt signalling), in WO0100245A2 (in vitro tests and in 
vivo tests, such as human tumour xenograft models described in Examples 5-7 

25 and in Figures 10-13) and in Franklin et al, 2004, supra (in vitro HER2/HER3 
heterodimerization using COS7 transfected cells). 

Other examples of antibodies that can be combined with one or both of 
these anti-ErbB2 antibodies are antibodies with pairing compatible chains 
that function as an anti-angiogenic agent (e.g. an anti-VEGF antibody); target 

30 the EGF-receptor (or ErbBl; e.g. C225 or ZD1839); or that are anti-ErbB2 
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antibody that strongly induce apoptosis, such as 7C2 or 7F3 (WO0100245A2). 
Pairing compatible light chains are identified using the methods described in 
this invention. 

5 Example 18: Pairing compatible antibodies to produce a mixture of 
Hepatocyte Growth Factor/Scatter factor (HGF/SF) targeting 
antibodies that block multiple biological activities. 

HGF/SF is a ligand that binds to the Met receptor tyrosine kinase. 
HGF/SF is composed of an a chain containing the N-terminal domain and four 

10 kringle domains covalently di-sulfide linked to the (3 chain. Binding of HGF/SF 
to the Met receptor tyrosine kinase induces multiple biological activities, 
including cell proliferation and cell invasion, and outgrowth of blood vessels 
(angiogenesis). In addition, binding of HGF/SF to Met prevents programmed 
cell death (reviewed in Birchmeier, C, et. al. Nat. Rev. Mol. Cell Biol. 4: 915- ' 

15 925 (2004). The Met receptor is expressed by many solid tumours and Met- 
HGF/SF signalling has been shown to be involved in tumour development, 
invasion and metastasis (Cherrington, J.M. et al., Adv. Cancer. Res. 79: 1-38 
(2000); Rong, S., et. al. Mol. Cell Biol. 12, 5152-5158 (1992). 

Monoclonal antibodies against HGF/SF have been produced to study 

20 their capacity to block the diverse biological activities of HGF/SC (Cao, B., et. 
al. Proc. Natl. Acad. Sci. USA, 98, 7443-7448 2001). The antibodies were 
produced by immunizing mice with human HGF/SF and generating 
hybridomas secreting monoclonal antibodies. The polyclonal serum from mice 
immunized with HGF/SC showed potent neutralizing activity of all biologic 

25 activities of HGF/SF. In contrast a large panel of monoclonal antibodies that 
bind to the human HGF/SCF was shown to lack the capacity to completely 
block all biological activities of HGF/SC (Cao, B., et. al. Proc. Natl. Acad. Sci. 
USA, 98, 7443-7448 2001). Combinations of two anti-HGF/SF monoclonal 
antibodies still lacked full blocking activity while several mixtures of three 

30 monoclonal antibodies potently neutralized all HGF/SF activity in in vitro 
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assays. It was concluded that blocking of the biological activities of HGF/SF 
requires the simultaneous binding of multiple monoclonal antibodies against 
different epitopes of the HGF/SF ligand (Cao, B., et. al. Proc. Natl. Acad. Sci. 
USA, 98, 7443-7448 2001). 
5 Mixtures of monoclonal antibodies directed against the same target 

molecule that block the complete spectrum of biological activities of the 
molecule are very valuable contributions to the therapeutic arsenal, especially 
when such blocking activities can not be achieved with monoclonal antibodies. 
Production of such multiple antibodies in a pharmaceutical manner and in a 

10 commercially viable way will become very important. In this example, we 
describe how mixtures of monoclonal antibodies against the HGF/SF ligand 
are isolated and used to construct an Oligoclonics™ that efficiently blocks all 
biological activities of this ligand. 

Phage antibody scFv or Fab libraries that are formed by focusing the 

15 diversity in one variable region and keeping the other variable region 

invariable, preferably a germ line sequence, are particularly relevant to the 
invention. From such libraries it is feasible to isolate antibodies with a 
different heavy chain yet identical light chain, or vice versa (Figure 3). Such 
antibodies are readily reformatted into an Oligoclonics™ format according to 

20 the invention. In the art, it has been described that antibodies that share the 
same VL gene but have different VH genes and widely varying specificities can 
be obtained from phage antibody display libraries (Nissim et.al, (1994). EMBO 
J. 13:692-698). A sub-library of the semi-synthetic scFv library (de Kruif et al. 
(1995) J. Mol. Biol. 248:97) described in example 7 is used to select antibodies 

25 against recombinant human HGF/SF. 

The HGF/SF ligand is produced and purified from S-114 cells (NIH 3T3 
cells transformed with human HGF/SF and Met) as described (Rong, S. et. al. 
(1993) Cell Growth Differ. 4, 563-569). For phage selections, 96-well plates are 
coated with 2.5 pig/ml HGF/SF in coating buffer (0.2 M Na2C0 3 /NaHC0 3 , pH 

30 9.6; 50 \il per well) overnight at 4°C. The plates were then blocked with PBS 
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containing 1% BSA(200 ^il/well) overnight at 4°C. Selections of phages binding 
to human HGF/SF are performed as described in the previous examples. The 
binding of phages selected from the library is monitored by a HGF/SF ELISA 
using 96-well plates coated with 2.5 fig/ml HGF/SF in coating buffer (0.2 M 
5 Na 2 C03/NaHC0 3 , pH 9.6; 50 \il per well) overnight at 4°C. The plates are then 
blocked with PBS containing 1% BSA (200 jil/well) overnight at 4°C. 

The VH regions from individual monoclonal antibodies and the single 
VL region are cloned into the eukaryotic expression vector for human 
monoclonal antibodies as described in example 10 and subsequently 

10 introduced into eukaryotic CHO cells by transfection. For each transfection, 
the plasmids encoding 2 or more different VH regions are mixed in various 
ratios and used at a concentration of 1-10 jig/ml. Clones secreting human 
antibodies are generated essentially as described in example 10 and the 
supernatants monitored for HGF/SF-specifLc antibodies with an ELISA in 96- 

15 well plates coated with HGF/SF as described in the previous paragraph. 
Supernatants from clones secreting anti-HGF/SF antibodies are used to 
determine the capacity of mixtures to block the biological activities of 
HGF/SF. 

Supernatants from transfectants are screened for neutralizing HGF/SF 
20 capacity in the Madin-Darby canine kidney (MDCK) scatter assay as described 
(Cao, B., et. al. Proc. Natl. Acad. ScL USA, 98, 7443-7448 2001). MDCK cells 
are plated at 7.5 x 10 4 cells per 100 (il per well with or without HGF 
(5 ng/well) inDMEM with 5% FBS. Three hundred microlitres of supernatants 
at 2-fold serial dilutions is then added to 96-well plates. A rabbit polyclonal 
25 neutralizing antiserum (1 jxl/well; ref Koochekpour, S. , et. al. (1997) Cancer 
Res. 57, 5391-5398) is included as control. Following overnight incubation at 
37°C, cells are then stained with 0.5% crystal violet in 50% ethanol (vol/vol) 
for 10 min at room temperature, and scattering is viewed using a light 
microscope. 
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Supernatants from transfectants are also screened for neutralizing HGF/SF 
capacity in the Branching Morphogenesis Assay as described. Branching 
morphogenesis assay using SK-LMS-1 cells was conducted as described 
(Jeffers, M. et. al. (1996) Mol. Cell. Biol. 16, 1115-1125). Briefly, cell 

5 suspensions are mixed with an equal volume of GFR-Matrigel (Becton 

Dickinson), plated at 5 x 10 4 cells per 125 ul per well in a 96-well culture plate, 
and incubated for 30 min at 37°C. HGF/SF, with or without neutralizing 
mAbs, is added along with DMEM containing 10% FBS on top of the gel. After 
72-96 hours of incubation at 37°C, representative wells are photographed at 

10 x400 magnification. 

Example 19.: Pairing compatible antibodies to produce a 
mixture of antibodies that block vascular endothelial cell growth 
15 factor receptor 1 (VEGF-R1) and VEGF-R2. 

Vascular endothelial growth factor (VEGF) is a key regulator of 
angiogenic processes during adult life such as wound healing, diabetic 
retinopathy, rheumatoid arthritis, psoriasis, inflammatory disorders and 
tumour growth and metastasis (Ferrara, N., et. al. Curr. Top. Microbiol. 

20 Immunol. 237-1-30 (1999), Klagsbrun, M., et. al. Cytokine Rev. 7, 259-270 
(1996), Neufeld, G., et. al. FASEB J. 13, 9-22 (1999)). VEGF binds to and 
mediates its activity mainly through two tyrosine kinase receptors, VEGF-R1 
(also named Flt-1) and VEGF-R-2 (also named KDR). Numerous studies have 
shown that overexpression of VEGF and its receptors plays a role in 

25 associated-associated angiogenesis and hence in tumour growth and 

metastasis (Folkman, J., Nat. Med. 1, 27-31 (1995), Zhu, Z., et. al. Invest. New 
Drugs 17, 195-212 (1999)). 

A human anti-VEGF monoclonal antibody binding to VEGF and 
blocking its binding to the VEGF-R1 has recently been approved by the FDA 

30 for the treatment of patients with metastatic colorectal cancer 
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(http://www.fda.gov/cder/foi/appletter/2004/1250851tr.pdf). This shows that 
monoclonal antibodies that block angiogenesis provide an important tool in 
the treatment of solid tumours. 

In WO/04003211A1, Zhu describes bispecific antibodies with one part of 
5 the molecule blocking the binding ofVEGF to VEGF-R1 and another part of 
the molecule blocking binding of VEGF to VEGF-R2. In addition, the bi- 
specific antibody prevent the homodimerization of the VEGF receptors and 
thus blocking VEGF-R-mediated cellular signalling. Compared to binding to a 
single VEGF-R, dual binding can result in more potent inhibition of VEGF - 

10 stimulated cellular functions such as, for example, proliferation of endothelial 
cells. The bispecific antibodies described by Zhu comprise single chain Fv 
antibody fragments fused to the heavy and light chain constant regions of an 
IgG molecule. Because of the nature of the bispecific molecules, they can be 
expected to be immunogenic upon injection in humans, impeding their clinical 

15 effectiveness. Mixtures of human antibodies as represented in the 

Oligoclonics™ format that block both the VEGF-R1 and VEGR-R2 while 
retaining optimal clinical efficacy may be an important addition to the arsenal 
of anti-solid tumour drugs. Such an Oligoclonics™ is obtained as follows: 
The soluble fusion protein VEGF-R2 fused to alkaline phosphatase 

20 (VEGF-R2-AP) is expressed in stably-transfected NIH 3T3 cells and purified 
from cell culture supernatant by affinity chromatography as described (Lu, D„ 
et. al. J. Biol. Chem. 275, 14321-14330 (2000)). VEGF-Rl-Fc fusion protein is 
purchased from R&D Systems (Minneapolis, MN). VEGF-R2-AP is coated to 
Maxisorp Star tubes plates at a concentration of 10 pg/ml and subsequently, 

25 the tubes are blocked with 3% milk/PBS as described in WO 003211 and Lu, 
D., et. al. Cancer Res. 61:7002-7008 (2001). The phage library used for 
selection of scFv antibody fragments specific for VEGF-R2 contains a single 
light chain and is diversified in the heavy chain as described in the previous 
example7. Selection of phages is carried out as described in the previous 

30 examples. The specificity of selected scFv antibody fragments is determined in 
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ELISA withlO |Jg/ml VEGF-R2-AP coated to Maxisorp 96-well plates and scFv 
binding, washing and detection steps as described in the previous examples. 
As a control for binding to the AP moiety, scFv are assayed for binding to a 
control AP fusion proteins such as ELF2-AP (GenHunter Corp, Nashville, Tn). 
5 Selection of phages binding to the VEGF-R1 is carried out by coating Maxisorp 
Star tubes with 10 pg/ml VEGF-Rl-Fc and performing rounds of selection as 
described in the previous examples. The specificity of selected scFv is analysed 
in ELISA with 10 [Jg/ml VEGF-Rl-Fc coated to 96-well plates. As a control for 
binding to the Fc portion VEGF-Rl-Fc, plates are coated with the Fc fusion 

10 protein rhsThy-l:Fc (product number ALX-203-004, Alexis Biochemicals, 
Lausen, Switzerland). 

The VH regions from individual monoclonal antibody fragments and the 
single VL region are cloned into the eukaryotic expression vector for human 
monoclonal antibodies as described in example 10 and subsequently 

15 introduced into eukaryotic CHO cells by transfection. For each transfection, 
the plasmids encoding 2 or more different VH regions are mixed in various 
ratios and used at a concentration of 1-10 ng/ml. Clones secreting human 
antibodies are generated essentially as described in example 10 and the 
supernatants monitored for VEGF-R1 and VEGF-R2-specific antibodies with 

20 an ELISA in 96-well plates coated with VEGF-Rl-Fc and VEGF-R2-AP as 
described in the previous paragraph, and using secondary antibodies that 
specifically bind to the human antibodies. Supernatants from clones secreting 
antibodies to both receptors are used to determine the biological activity of the 
mixtures in VEGR-R1 and VEGF-R2 blocking assays and in an anti-mitotic 

25 and leukaemia migration assays. 

VEGR-R1 and VEGF-R2 blocking assays are performed as described 
(Zhu, Z., et. al. Cancer Res. 58:3209-14 (1998), Lu, D. et. al. J Immunol 
Methods, 230:159-71 (1999). The anti-mitotic and leukaemia migration assays 
are performed as described in WO 040032 11A1. To measure whether these 

30 antibody mixtures compete with VEGF for binding to the receptors, assays are 
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carried out that measure the level of antibody -induced inhibition of VEGF - 
associated effects. For example the effect of the antibody cocktail on VEGF- 
induced endothelial cell proliferation is measured using a thymidine 
incorporation assay. Numerous in vitro and in vivo assays have been described 
5 to measure the effect of ligands interfering with the VEGF - VEGF-receptor 
interaction. Some suitable assays are described in Gerbert et al., J Biol. Ghem. 
1998, 273: 30336 (cell survival assay, endothelial cell apoptosis, Akt 
phosphorylation assay, as on page 30337); in Mendel et al, Clin. Cancer Res. 
2000, 6:4848-4858 (s.c. xenograft model in athymic mice, surface expression of 
10 KDR, 12S I VEGF binding assay, and Flk-1 receptor kinase assay, as on pages 
4849-4850). These and other suitable assays are reviewed in Auerbach et al, 
2003, Clin. Chemistry 49(l):32-40. 



15 



20 
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Sequence listings: 

SEQ.ID.NO.: 1: HEAVY CHAIN NUCLEOTIDE SEQUENCE OF THE JA HYBRIDOMA. 

1 ATGGAGTTTG GGCTGAGCTG GCTTTTTCTT GTGGCTATTT TAAAAGGTGT CCAGTGTGAG 
61 GTGCAGCTGT TGGAGTCTGG GGGAGGCTTG GTACAGCCTG GGGGGTCCCT GAGACTCTCC 
121 TGTGCAGCCT CTGGATTCAC CTTTAGCAAC TATGCCATGA GCTGGGTCCG CCAGGCTCCA 
181 GGGAAGGGGC TGGAGTGGGT CTCAGCTATT AGTGCTAGTG GTCATAGCAC ATATTTGGCA 
241 GACTCCGTGA AGGGCCGGTT CACCATCTCC AGAGACAATT CCAAGAACAC GCTGTATCTG 
301 CAAATGAACA GCCTGAGAGC CGAGGACACG GCCGTATATT ACTGTGCGAA AGATCGAGAG 
361 GTTACTATGA TAGTTGTACT TAATGGAGGC TTTGACTACT GGGGCCAGGG AACCCGGGTC 
421 ACCGTCTCCT CCGCCTCCAC CAAGGGCCCA TCGGTCTTCC CCCTGGCACC CTCCTCCAAG 
4 81 AGCACCTCTG GGGGCACAGC GGCCCTGGGC TGCCTGGTCA AGGACTACTT CCCCGAACCG 
541 GTGACGGTGT CGTGGAACTC AGGCGCCCTG ACCAGCGGCG TGCACACCTT CCCGGCTGTC 
601 CTACAGTCCT CAGGACTCTA CTCCCTCAGC AGCGTGGTGA CCGTGCCCTC CAGCAGCTTG 
661 GGCACCCAGA CCTACATCTG CAACGTGAAT CACAAGCCCA GCAACACCAA GGTGGACAAG 
721 AGAGTTGAGC CCAAATCTTG TGACAAAACT CACACATGCC CACCGTGCCC AGCACCTGAA 
781 CTCCTGGGGG GACCGTCAGT CTTCCTCTTC CCCCCAAAAC CCAAGGACAC CCTCATGATC 
841 TCCCGGACCC CTGAGGTCAC ATGCGTGGTG GTGGACGTGA GCCACGAAGA CCCTGAGGTC 
901 AAGTTCAACT GGTACGTGGA CGGCGTGGAG GTGCATAATG CCAAGACAAA GCCGCGGGAG 
961 GAGCAGTACA ACAGCACGTA CCGTGTGGTC AGCGTCCTCA CCGTCCTGCA CCAGGACTGG 
1021 CTGAATGGCA AGGAGTACAA GTGCAAGGTC TCCAACAAAG CCCTCCCAGC CCCCATCGAG 
1081 AAAACCATCT CCAAAGCCAA AGGGCAGCCC CGAGAACCAC AGGTGTACAC CCTGCCCCCA 
1141 TCCCGGGAGG AGATGACCAA GAACCAGGTC AGCCTGACCT GCCTGGTCAA AGGCTTCTAT 
1201 CCCAGCGACA TCGCCGTGGA GTGGGAGAGC AATGGGCAGC CGGAGAACAA CTACAAGACC 
1261 ACGCCTCCCG TGCTGGACTC CGACGGCTCC TTCTTCCTCT ATAGCAAGCT CACCGTGGAC 
1321 AAGAGCAGGT GGCAGCAGGG GAACGTCTTC TCATGCTCCG TGATGCATGA GGCTCTGCAC 
1381 AACCACTACA CGCAGAAGAG CCTCTCCCTG TCCCCGGGTA AATGA 

SEQ.ID.NO.: 2: LIGHT CHAIN NUCLEOTIDE SEQUENCE OF THE JA HYBRIDOMA. 

1 ATGGAAGCCC CAGCTCAGCT TCTCTTCCTC CTGCTACTCT GGCTCCCAGA TACCACCGGA 
61 GAAATTGTGT TGACACAGTC TCCAGCCACC CTGTCTTTGT CTCCAGGGGA AAGAGCCACC 
121 CTCGCCTGCA GGGCCAGTCA GACTGCTAGC AGGTACTTAG CCTGGTACCA ACAGAAACCT 
181 GGCCAGGCTC CCAGACTCCT CATCTATGAT ACATCCAACA GGGCCACTGG CATCCCAGCC 
241 AGGTTCAGTG GCAGTGGGTC TGGGACAGAC TTCACTCTCT CCATCAGCAG CCTGGAGCCT 
301 GAAGATTTTG CAGTTTATTA CTGTCAGCAG CGTTTCAACT GGCCGTGGAC GTTCGGCCAA 
361 GGGACCAAGG TGGAATTCAA ACGAACTGTG GCTGCACCAT CTGTCTTCAT CTTCCCGCCA 
421 TCTGATGAGC AGTTGAAATC TGGAACTGCC TCTGTTGTGT GCCTGCTGAA TAACTTCTAT 
481 CCCAGAGAGG CCAAAGTACA GTGGAAGGTG GATAACGCCC TCCAATCGGG TAACTCCCAG 
541 GAGAGTGTCA CAGAGCAGGA CAGCAAGGAC AGCACCTACA GCCTCAGCAG CACCCTGACG 
601 CTGAGCAAAG CAGACTACGA GAAACACAAA GTCTACGCCT GCGAAGTCAC CCATCAGGGC 
661 CTGAGCTCGC CCGTCACAAA GAGCTTCAAC AGGGGAGAGT GTTAG 

SEQ.ID.NO. : 3: HEAVY CHAIN NUCLEOTIDE SEQUENCE OF THE JB . 1 
HYBRIDOMA. 

1 ATGGACACAC TTTGCTCCAC GCTCCTGCTG CTGACCATCC CTTCATGGGT CTTGTCCCAA 
61 ATTACCTTGA AGGAGACTGG TCCTACGCTG GTGAAACCCA CACAGACCCT CACGCTGACC 
121 TGCACCTTCT CGGGGTTCTC ACTCAGCACT AGTGGAGTGG GTGTGGGCTG GATCCGTCAG 
181 CCCCCAGGAA AGGCCCTGGA GTGGGTTACA CTCATTTATT GGGATGATGA TAAGCGTTAC 
241 AGTCCATCTC TGGAGAACAG GGTCACCATC AGGAAGGACA CCTCCAAAAA CCAGGTGGCT 
301 CTTACAATGA CGAACATGGA CCCTTTGGAC ACAGGCACAT ACTACTGTGC GCACAGACAA 
361 CATATCAGCA GCTTCCCGTG GTTCGATTCC TGGGGCCAGG GAACCCTGGT CACCGTCTCC 
421 TCAGCTTCCA CCAAGGGCCC ATCGGTCTTC CCCCTGGCGC CCTGCTCCAG GAGCACCTCT 
481 GGGGGCACAG CGGCCCTGGG CTGCCTGGTC AAGGACTACT TCCCCGAGCC GGTGACGGTG 
541 TCGTGGAACT CAGGCGCCCT GACCAGCGGC GTGCACACCT TCCCGGCTGT CCTACAGTCC 
601 TCAGGACTCT ACTCCCTCAG CAGCGTGGTG ACCGTGCCCT CCAGCAGCTT GGGCACCCAG 
661 ACCTACACCT GCAACGTGAA TCACAAGCCC AGCAACACCA AGGTGGACAA GAGAGTTGAG 
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721 CTCAAAACCC CACTTGGTGA CACAACTCAC ACATGCCCAC GGTGCCCAGA GCCCAAATCT 
781 TGTGACACAC CTCCCCCGTG CCCACGGTGC CCAGAGCCCA AATCTTGTGA CACACCTCCC 
841 CCGTGCCCAC GGTGCCCAGA GCCCAAATCT TGTGACACAC CTCCCCCATG CCCACGGTGC 
901 CCAGCACCTG AACTCCTGGG AGGACCGTCA GTCTTCCTCT TCCCCCCAAA ACCCAAGGAT 
961 ACCCTTATGA TTTCCCGGAC CCCTGAGGTC ACGTGCGTGG TGGTGGACGT GAGCCACGAA 
1021 GACCCCGAGG TCCAGTTCAA GTGGTACGTG GACGGCGTGG AGGTGCATAA TGCCAAGACA 
1081 AAGCCGCGGG AGGAGCAGTT CAACAGCACG TTCCGTGTGG TCAGCGTCCT CACCGTCCTG 
1141 CACCAGGACT GGCTGAACGG TAAGGAGTAC AAGTGCAAGG TCTCCAACAA AGCCCTCCCA 
1201 GCCCCCATCG AGAAAACCAT CTCCAAAACC AAAGGACAGC CCCGAGAACC ACAGGTGTAC 
1261 ACCCTGCCCC CATCCCGGGA GGAGATGACC AAGAACCAGG TCAGCCTGAC CTGCCTGGTC 
1321 AAAGGCTTCT ACCCCAGCGA CATCGCCGTG GAGTGGGAGA GCAGCGGGCA GCCGGAGAAC 
1381 AACTACAACA CCACGCCTCC CATGCTGGAC TCCGACGGCT CCTTCTTCCT CTACAGCAAG 
14 41 CTCACCGTGG ACAAGAGCAG GTGGCAGCAG GGGAACATCT TCTCATGCTC CGTGATGCAT 
1501 GAGGCTCTGC ACAACCGCTT CACGCAGAAG AGCCTCTCCC TGTCTCCGGG TAAATGA 

SEQ.ID.NO. : 4: LIGHT CHAIN NUCLEOTIDE SEQUENCE OF THE JB.l 
HYBRIDOMA. 

1 ATGGCCTGGA CCGTTCTCCT CCTCGGCCTC CTCTCTCACT GCACAGGGTC TGTGACGTCC 
61 TATGTGCTGA CTCAGCCACC CTCGGTGTCA GTGGCCCCAG GAAAGACGGC CAGGATTAAC 
121 TGTGGGGGAA ACAACATTGA ATATAGAAGT GTGCACTGGT ACCAGCAGAA GTCAGGCCAG 
181 GCCCCTGTAG CGGTCATCTA TGATAATAGT GACCGGCCCT CAGGGATCCC TGAGCGATTC 
241 TCTGGTTCCA AATCTGGGAA CACGGCCACC CTGACCATCA GCAGGGTCGA AGCCGGGGAT 
301 GAGGCCGACT ATTACTGTCA GGTGTGGGAT ATTAGTAGTG ATGTGGTCTT CGGCGGAGGG 
361 ACCAAGCTGA CCGTCCTAGG TCAGCCCAAG GCTGCCCCCT CGGTCACTCT GTTCCCGCCC 
421 TCCTCTGAGG AGCTTCAAGC CAACAAGGCC ACACTGGTGT GTCTCATAAG TGACTTCTAC 
481 CCGGGAGCCG TGACAGTGGC CTGGAAGGCA GATAGCAGCC CCGTCAAGGC GGGAGTGGAG 
541 ACCACCACAC CCTCCAAACA AAGCAACAAC AAGTACGCGG CCAGCAGCTA TCTGAGCCTG 
601 ACGCCTGAGC AGTGGAAGTC CCACAGAAGC TACAGCTGCC AGGTCACGCA TGAAGGGAGC 
661 ACCGTGGAGA AGACAGTGGC CCCTACAGAA TGTTCATAG 

SEQ.ID.NO. : 5: HEAVY CHAIN NUCLEOTIDE SEQUENCE OF THE M57 HYBRIDOMA. 

1 ATGGACTGGA CCTGGAGGTT CCTCTTTGTG GTGGCAGCAG CTACAGGTGT CCAGTCCCAG 
61 GTGCAGCTGG TGCAGTCTGG GGCTGAGGTG AAGAAGCCTG GGTCCTCGGT GAAGGTCTCC 
121 TGCAAGGCTT CTGGAGGCAC CTTCAACAGG TATACTGTCA ACTGGGTGCG ACAGGCCCCT 
181 GGACAAGGGC TTGAGTGGAT GGGAGGCATC ATCCCTATCT TTGGTACAGC AAACTACGCA 
241 CAGAGGTTCC AGGGCAGACT CACCATTACC GCGGACGAAT CCACGAGCAC AGCCTACATG 
301 GAGCTGAGCA GCCTGAGATC TGATGACACG GCCGTGTATT TCTGTGCGAG AGAGAATCTC 
361 GATAATTCGG GGACTTATTA TTATTTCTCA GGCTGGTTCG ACCCCTGGGG CCAGGGAACC 
4 21 CTGGTCACCG TCTCCTCAGC CTCCACCAAG GGCCCATCGG TCTTCCCCCT GGCACCCTCC 
481 TCCAAGAGCA CCTCTGGGGG CACAGCGGCC CTGGGCTGCC TGGTCAAGGA CTACTTCCCC 
541 GAACCGGTGA CGGTGTCGTG GAACTCAGGC GCCCTGACCA GCGGCGTGCA CACCTTCCCG 
601 GCTGTCCTAC AGTCCTCAGG ACTCTACTCC CTCAGCAGCG TGGTGACCGT GCCCTCCAGC 
661 AGCTTGGGCA CCCAGACCTA CATCTGCAAC GTGAATCACA AGCCCAGCAA CACCAAGGTG 
721 GACAAGAGAG TTGAGCCCAA ATCTTGTGAC AAAACTCACA CATGCCCACC GTGCCCAGCA 
781 CCTGAACTCC TGGGGGGACC GTCAGTCTTC CTCTTCCCCC CAAAACCCAA GGACACCCTC 
841 ATGATCTCCC GGACCCCTGA GGTCACATGC GTGGTGGTGG ACGTGAGCCA CGAAGACCCT 
901 GAGGTCAAGT TCAACTGGTA CGTGGACGGC GTGGAGGTGC ATAATGCCAA GACAAAGCCG 
961 CGGGAGGAGC AGTACAACAG CACGTACCGT GTGGTCAGCG TCCTCACCGT CCTGCACCAG 
1021 GACTGGCTGA ATGGCAAGGA GTACAAGTGC AAGGTCTCCA ACAAAGCCCT CCCAGCCCCC 
1081 ATCGAGAAAA CCATCTCCAA AGCCAAAGGG CAGCCCCGAG AACCACAGGT GTACACCCTG 
1141 CCCCCATCCC GGGAGGAGAT GACCAAGAAC CAGGTCAGCC TGACCTGCCT GGTCAAAGGC 
1201 TTCTATCCCA GCGACATCGC CGTGGAGTGG GAGAGCAATG GGCAGCCGGA GAACAACTAC 
1261 AAGACCACGC CTCCCGTGCT GGACTCCGAC GGCTCCTTCT TCCTCTATAG CAAGCTCACC 
1321 GTGGACAAGA GCAGGTGGCA GCAGGGGAAC GTCTTCTCAT GCTCCGTGAT GCATGAGGCT 
1381 CTGCACAACC ACTACACGCA GAAGAGCCTC TCCCTGTCCC CGGGTAAATG A 



SEQ.ID.NO. : 6: LIGHT CHAIN NUCLEOTIDE SEQUENCE OF THE M57 HYBRIDOMA. 
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1 ATGAGTGTCC CCACCATGGC CTGGGCTCTG CTCCTCCTCA GCCTCCTCAC TCAGGGCACA 
61 GGATCCTGGG CTCAGTCTGC CCTGACTCAG CCTCGCTCAG TGTCCGGGTC TCCTGGACAG 
121 TCAGTCACCA TCTCCTGCAC TGGAACCAGC AGTGATATTG GTGGTTATAA CTTTGTCTCC 
5 181 TGGTACCAAC AACACCCAGG CAAAGCCCCC AAACTCATGA TTTATGATGC CACTAAGCGG 

241 CCCTCAGGGG TCCCTGATCG CTTCTCTGGC TCCAAGTCTG GCAACACGGC CTCCCTGACC 
301 ATCTCTGGGC TCCAGGCTGA GGATGAGGCT GATTATTACT GCTGCTCATA TGCAGGCGAC 
361 TACACCCCGG GCGTGGTTTT CGGCGGAGGG ACCAAGCTGA CCGTCCTAGG TCAGCCCAAG 
421 GCTGCCCCCT CGGTCACTCT GTTCCCGCCC TCCTCTGAGG AGCTTCAAGC CAACAAGGCC 
10 4 81 ACACTGGTGT GTCTCATAAG TGACTTCTAC CCGGGAGCCG TGACAGTGGC CTGGAAGGCA 

541 GATAGCAGCC CCGTCAAGGC GGGAGTGGAG ACCACCACAC CCTCCAAACA AAGCAACAAC 
601 AAGTACGCGG CCAGCAGCTA CCTGAGCCTG ACGCCTGAGC AGTGGAAGTC CCACAGAAGC 
661 TACAGCTGCC AGGTCACGCA TGAAGGGAGC ACCGTGGAGA AGACAGTGGC CCCTACAGAA 
721 TGTTCATAG 

15 

SEQ.ID.NO. : 7: HEAVY CHAIN VARIABLE REGION AMINO ACID SEQUENCE OF THE 
JA HYBRIDOMA. 

EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYAMSWVRQAPGKGLEWVSAISASGHSTYL 
20 ADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKDREVTMIWLNGGFDYWGQGTR 

VTVSS 

SEQ.ID.NO. : 8: LIGHT CHAIN VARIABLE REGION AMINO ACID SEQUENCE OF THE 
JA HYBRIDOMA. 

25 

EIVLTQSPATLSLSPGERATLACRASQTASRYLAWYQQKPGQAPRLLIYDTSNRATGIPA 
RFSGSGSGTDFTLSISSLEPEDFAVYYCQQRFNWPWTFGQGTKVEFKRT 

SEQ.ID.NO. : 9: HEAVY CHAIN VARIABLE REGION AMINO ACID SEQUENCE OF THE 
30 JB.l HYBRIDOMA. 

QITLKETGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALEWVTLIYWDDDKR 
YSPSLENRVTIRKDTSKNQVALTMTNMDPLDTGTYYCAHRQHISSFPWFDSWGQGTLVTV 

SS 

35 

SEQ.ID.NO. : 10: LIGHT CHAIN VARIABLE REGION AMINO ACID SEQUENCE OF 
THE JB. 1 HYBRIDOMA. 

SYVLTQPPSVSVAPGKTARINCGGNNIEYRSVHWYQQKSGQAPVAVIYDNSDRPSGIPER 
40 FSGSKSGNTATLTISRVEAGDEADYYCQVWDISSDWFGGGTKLTVL 

SEQ.ID.NO. : 11: HEAVY CHAIN VARIABLE REGION AMINO ACID SEQUENCE OF 
THE M57 HYBRIDOMA. 

45 QVQLVQSGAEVKKPGSSVKVSCKASGGTFNRYTVNWVRQAPGQGLEWMGGIIPIFGTANY 
AQRFQGRLTITADESTSTAYMELSSLRSDDTAVYFCARENLDNSGTYYYFSGWFDPWGQG 
TLVTVSS 

SEQ.ID.NO. : 12: LIGHT CHAIN VARIABLE REGION AMINO ACID SEQUENCE OF 
50 THE M57 HYBRIDOMA: 
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QSALTQPRSVSGSPGQSVTISCTGTSSDIGGYNFVSWYQQHPGKAPKLMIYDATKRPSGV 
PDRFSGSKSGNTASLTISGLQAEDEADYYCCSYAGDYTPGVVFGGGTKLTVL 

SEQ. ID-NO.: 13: VHEXPRESS WITH THE CMV PROMOTER - 
GTGGCCACCA TGGGATGGAG CTGTATCATC CTCTTCTTGG TAGCAACAGC TACAGGTAAG 
GGGTTAACAG TAGCAGGCTT GAGGTCTGGA CATATATATG GGTGACAATG ACATCCACTT 
TGCCTTTCTC TCCACAGGCG CGCACTCCCA GGTCCAACTG CAGGAGAGCG GGGTCACCGT 
CTCCTCAGGT GAGTCCTGTC GACGGATCCA CCCAATGCCC ATGAGCCCAG ACACTGGACG 
CTGAACCTCG CGGACAGTTA AGAACCCAGG GGCCTCTGCG CCCTGGGCCC AGCTCTGTCC 
CACACCGCGG TCACATGGCA CCACCTCTCT TGCAGCCTCC ACCAAGGGCC CATCGGTCTT 
CCCCCTGGCA CCCTCCTCCA AGAGCACCTC TGGGGGCACA GCGGCCCTGG GCTGCCTGGT 
CAAGGACTAC TTCCCCGAAC CGGTGACGGT GTCGTGGAAC TCAGGCGCCC TGACCAGCGG 
CGTCCACACC TTCCCGGCTG TCCTACAGTC CTCAGGACTC TACTCCCTCA GCAGCGTAGT 
GACCGTGCCC TCCAGCAGCT TGGGCACCCA GACCTACATC TGCAACGTGA ATCACAAGCC 
CAGCAACACC AAGGTGGACA AGAAAGTTGG TGAGAGGCCA GCACAGGGAG GGAGGGTGTC 
TGCTGGAAGC CAGGCTCAGC GCTCCTGCCT GGACGCATCC CGGCTATGCA GCCCCAGTCC 
AGGGCAGCAA GGCAGGCCCC GTCTGCCTCT TCACCCGGAG GCCTCTGCCC GCCCCACTCA 
TGCTCAGGGA GAGGGTCTTC TGGCTTTTTC CCCAGGCTCT GGGCAGGCAC AGGCTAGGTG 
CCCCTAACCC AGGCCCTGCA CACAAAGGGG CAGGTGCTGG GCTCAGACCT GCCAAGAGCC 
ATATCCGGGA GGACCCTGCC CCTGACCTAA GCCCACCCCA AAGGCCAAAC TCTCCACTCC 
CTCAGCTCGG ACACCTTCTC TCCTCCCAGA TTCCAGTAAC TCCCAATCTT CTCTCTCCAG 
AGCCCAAATC TTGTGACAAA ACTCACACAT GCCCACCGTG CCCAGGTAAG CCAGCCCAGG 
CCTCGCCCTC CAGCTCAAGG CGGGACAGGT GCCCTAGGGT AGCCTGCATC CAGGGACAGG 
CCCCAGCCGG GTGCTGACAC GTCCACCTCC ATCTCTTCCT CAGCACCTGA ACTCCTGGGG 
GGACCGTCAG TCTTCCTCTT CCCCCCAAAA CCCAAGGACA CCCTCATGAT CTCCCGGACC 
CCTGAGGTCA CATGCGTGGT GGTGGACGTG AGCCACGAAG ACCCTGAGGT CAAGTTCAAC 
TGGTACGTGG ACGGCGTGGA GGTGCATAAT GCCAAGACAA AGCCGCGGGA GGAGCAGTAC 
AACAGCACGT ACCGTGTGGT CAGCGTCCTC ACCGTCCTGC ACCAGGACTG GCTGAATGGC 
AAGGAGTACA AGTGCAAGGT CTCCAACAAA GCCCTCCCAG CCCCCATCGA GAAAACCATC 
TCCAAAGCCA AAGGTGGGAC CCGTGGGGTG CGAGGGCCAC ATGGACAGAG GCCGGCTCGG 
CCCACCCTCT GCCCTGAGAG TGACCGCTGT ACCAACCTCT GTCCCTACAG GGCAGCCCCG 
AGAACCACAG GTGTACACCC TGCCCCCATC CCGGGATGAG CTGACCAAGA ACCAGGTCAG 
CCTGACCTGC CTGGTCAAAG GCTTCTATCC CAGCGACATC GCCGTGGAGT GGGAGAGCAA 
TGGGCAGCCG GAGAACAACT ACAAGACCAC GCCTCCCGTG CTGGACTCCG ACGGCTCCTT 
CTTCCTCTAC AGCAAGCTCA CCGTGGACAA GAGCAGGTGG CAGCAGGGGA ACGTCTTCTC 
ATGCTCCGTG ATGCATGAGG CTCTGCACAA CCACTACACG CAGAAGAGCC TCTCCTTAAG 
TCCGGGAAAA TAATCTAGAA GCTCGCTGAT CAGCCTCGAC TGTGCCTTCT AGTTGCCAGC 
CATCTGTTGT TTGCCCCTCC CCCGTGCCTT CCTTGACCCT GGAAGGTGCC ACTCCCACTG 
TCCTTTCCTA ATAAAATGAG GAAATTGCAT CGCATTGTCT GAGTAGGTGT CATTCTATTC 
TGGGGGGTGG GGTGGGGCAG GACAGCAAGG GGGAGGATTG GGAAGACAAT AGCAGGCATG 
CTGGGGATGG CCCGGGCTCT ATGGCTTCTG AGGCGGAAAG AACCAGCTGG GGCTCTAGGG 
GGTATCCCCA CGCGCCCTGT AGCGGCGCAT TAAGCGCGGC GGGTGTGGTG GTTACGCGCA 
GCGTGACCGC TACACTTGCC AGCGCCCTAG CGCCCGCTCC TTTCGCTTTC TTCCCTTCCT 
TTCTCGCCAC GTTCGCCGGC TTTCCCCGTC AAGCTCTAAA TCGGGGCATC CCTTTAGGGT 
TCCGATTTAG TGCTTTACGG CACCTCGACC CCAAAAAACT TGATTAGGGT GATGGTTCAC 
GTAGTGGGCC ATCGCCCTGA TAGACGGTTT TTCGCCCTTT GACGTTGGAG TCCACGTTCT 
TTAATAGTGG ACTCTTGTTC CAAACTGGAA CAACACTCAA CCCTATCTCG GTCTATTCTT 
TTGATTTATA AGGGATTTTG GGGATTTCGG CCTATTGGTT AAAAAATGAG CTGATTTAAC 
AAAAATTTAA CGCGAATTAA TTCTGTGGAA TGTGTGTCAG TTAGGGTGTG GAAAGTCCCC 
AGGCTCCCCA GGCAGGCAGA AGTATGCAAA GCATGCATCT CAATTAGTCA GCAACCAGGT 
GTGGAAAGTC CCCAGGCTCC CCAGCAGGCA GAAGTATGCA AAGCATGCAT CTCAATTAGT 
CAGCAACCAT AGTCCCGCCC CTAACTCCGC CCATCCCGCC CCTAACTCCG CCCAGTTCCG 
CCCATTCTCC GCCCCTAGGC TGACTAATTT TTTTTATTTA TGCAGAGGCC GAGGCCGCCT 
CTGCCTCTGA GCTATTCCAG AAGTAGTGAG GAGGCTTTTT TGGAGGCCTA GGCTTTTGCA 
AAAAGCTCCC GGGAGGTCCA CAATGATTGA ACAAGATGGA TTGCACGCAG GTTCTCCGGC 
CGCTTGGGTG GAGAGGCTAT TCGGCTATGA CTGGGCACAA CAGACAATCG GCTGCTCTGA 
TGCCGCCGTG TTCCGGCTGT CAGCGCAGGG GCGCCCGGTT CTTTTTGTCA AGACCGACCT 
GTCCGGTGCC CTGAATGAAC TCCAGGACGA GGCAGCGCGG CTATCGTGGC TGGCCACGAC 
GGGCGTTCCT TGCGCAGCTG TGCTCGACGT TGTCACTGAA GCGGGAAGGG ACTGGCTGCT 
ATTGGGCGAA GTGCCGGGGC AGGATCTCCT GTCATCTCAC CTTGCTCCTG CCGAGAAAGT 
ATCCATCATG GCTGATGCAA TGCGGCGGCT GCATACGCTT GATCCGGCTA CCTGCCCATT 
CGACCACCAA GCGAAACATC GCATCGAGCG AGCACGTACT CGGATGGAAG CCGGTCTTGT 
CGATCAGGAT GATCTGGACG AAGAGCATCA GGGGCTCGCG CCAGCCGAAC TGTTCGCCAG 
GCTCAAGGCG CGTATGCCCG ACGGCGAGGA TCTCGTCGTG ACTCATGGCG ATGCCTGCTT 
GCCGAATATC ATGGTGGAAA ATGGCCGCTT TTCTGGATTC ATCGACTGTG GCCGGCTGGG 
TGTGGCGGAC CGCTATCAGG ACATAGCGTT GGCTACCCGT GATATTGCTG AAGAGCTTGG 
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CGGCGAATGG GCTGACCGCT TCCTCGTGCT TTACGGTATC GCCGCTCCCG ATTCGCAGCG 
CATCGCCTTC TATCGCCTTC TTGACGAGTT CTTCTGAGCG GGACTCTGGG GTTCGAAATG 
ACCGACCAAG CGACGCCCAA CCTGCCATCA CGAGATTTCG ATTCCACCGC CGCCTTCTAT 
GAAAGGTTGG GCTTCGGAAT CGTTTTCCGG GACGCCGGCT GGATGATCCT CCAGCGCGGG 
GATCTCATGC TGGAGTTCTT CGCCCACCCC AACTTGTTTA TTGCAGCTTA TAATGGTTAC 
AAATAAAGCA ATAGCATCAC AAATTTCACA AATAAAGCAT TTTTTTCACT GCATTCTAGT 
TGTGGTTTGT CCAAACTCAT CAATGTATCT TATCATGTCT GTATACCGGA TCTTTCCGCT 
TCCTCGCTCA CTGACTCGCT GCGCTCGGTC GTTCGGCTGC GGCGAGCGGT ATCAGCTCAC 
TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA ACGCAGGAAA GAACATGTGA 
GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG CGTTGCTGGC GTTTTTCCAT 
AGGCTCCGCC CCCCTGACGA GCATCACAAA AATCGACGCT CAAGTCAGAG GTGGCGAAAC 
CCGACAGGAC TATAAAGATA CCAGGCGTTT CCCCCTGGAA GCTCCCTCGT GCGCTCTCCT 
GTTCCGACCC TGCCGCTTAC CGGATACCTG TCCGCCTTTC TCCCTTCGGG AAGCGTGGCG 
CTTTCTCAAT GCTCACGCTG TAGGTATCTC AGTTCGGTGT AGGTCGTTCG CTCCAAGCTG 
GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG CCTTATCCGG TAACTATCGT 
CTTGAGTCCA ACCCGGTAAG ACACGACTTA TCGCCACTGG CAGCAGCCAC TGGTAACAGG 
ATTAGCAGAG CGAGGTATGT AGGCGGTGCT ACAGAGTTCT TGAAGTGGTG GCCTAACTAC 
GGCTACACTA GAAGGACAGT ATTTGGTATC TGCGCTCTGC TGAAGCCAGT TACCTTCGGA 
AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG TGGTTTTTTT 
GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC AAGAAGATCC TTTGATCTTT 
TCTACGGGGT CTGACGCTCA GTGGAACGAA AACTCACGTT AAGGGATTTT GGTCATGAGA 
TTATCAAAAA GGATCTTCAC CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC 
TAAAGTATAT ATGAGTAAAC TTGGTCTGAC AGTTACCAAT GCTTAATCAG TGAGGCACCT 
ATCTCAGCGA TCTGTCTATT TCGTTCATCC ATAGTTGCCT GACTCCCCGT CGTGTAGATA 
ACTACGATAC GGGAGGGCTT ACCATCTGGC CCCAGTGCTG CAATGATACC GCGAGACCCA 
CGCTCACCGG CTCCAGATTT ATCAGCAATA AACCAGCCAG CCGGAAGGGC CGAGCGCAGA 
AGTGGTCCTG CAACTTTATC CGCCTCCATC CAGTCTATTA ATTGTTGCCG GGAAGCTAGA 
GTAAGTAGTT CGCCAGTTAA TAGTTTGCGC AACGTTGTTG CCATTGCTAC AGGCATCGTG 
GTGTCACGCT CGTCGTTTGG TATGGCTTCA TTCAGCTCCG GTTCCCAACG ATCAAGGCGA 
GTTACATGAT CCCCCATGTT GTGCAAAAAA GCGGTTAGCT CCTTCGGTCC TCCGATCGTT 
GTCAGAAGTA AGTTGGCCGC AGTGTTATCA CTCATGGTTA TGGCAGCACT GCATAATTCT 
CTTACTGTCA TGCCATCCGT AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA 
TTCTGAGAAT AGTGTATGCG GCGACCGAGT TGCTCTTGCC CGGCGTCAAT ACGGGATAAT 
ACCGCGCCAC ATAGCAGAAC TTTAAAAGTG CTCATCATTG GAAAACGTTC TTCGGGGCGA 
AAACTCTCAA GGATCTTACC GCTGTTGAGA TCCAGTTCGA TGTAACCCAC TCGTGCACCC 
AACTGATCTT CAGCATCTTT TACTTTCACC AGCGTTTCTG GGTGAGCAAA AACAGGAAGG 
CAAAATGCCG CAAAAAAGGG AATAAGGGCG ACACGGAAAT GTTGAATACT CATACTCTTC 
CTTTTTCAAT ATTATTGAAG CATTTATCAG GGTTATTGTC TCATGAGCGG ATACATATTT 
GAATGTATTT AGAAAAATAA ACAAATAGGG GTTCCGCGCA CATTTCCCCG AAAAGTGCCA 
CCTGACGTCA GATCGACGGA TCGGGAGATC AGGTACCGAA TTCACATTGA TTATTGAGTA 
GTTATTAATA GTAATCAATT ACGGGGTCAT TAGTTCATAG CCCATATATG GAGTTCCGCG 
TTACATAACT TACGGTAAAT GGCCCGCCTG GCTGACCGCC CAACGACCCC CGCCCATTGA 
CGTCAATAAT GACGTATGTT CCCATAGTAA CGCCAATAGG GACTTTCCAT TGACGTCAAT 
GGGTGGACTA TTTACGGTAA ACTGCCCACT TGGCAGTACA TCAAGTGTAT CATATGCCAA 
GTACGCCCCC TATTGACGTC AATGACGGTA AATGGCCCGC CTGGCATTAT GCCCAGTACA 
TGACCTTATG GGACTTTCCT ACTTGGCAGT ACATCTACGT GTTAGTCATC GCTATTACCA 
TAGTGATGCG GTTTTGGCAG TACATCAATG GGCGTGGATA GCGGTTTGAC TCACGGGGAT 
TTCCAAGTCT CCACCCCATT GACGTCAATG GGAGTTTGTT TTGGCACCAA AATCAACGGG 
ACTTTCCAAA ATGTCGTAAC AACTCCGCCC CATTGACGCA AATGGGCGGT AGGCGTGTAC 
GGTGGGAGGT CTATATAAGC AGAGCTTTCT GGCTAACTAG AGAACCCACT GCTTACTGGC 

SEQ.ID.NO.: 14: VH-N, DP-47 BASED CODING SEQUENCE 
GAGGTGCAGC TGTTGGAGTC TGGGGGAGGC TTGGTACAGC CTGGGGGGTC CCTGAGACTC 
TCCTGTGCAG CCTCTGGATT CACCTTTAGC AGCTATGCCA TGAGCTGGGT CCGCCAGGCT 
CCAGGGAAGG GGCTGGAGTG GGTCTCAGCT ATTAGTGGTA GTGGTGGTAG CACATACTAC 
GCAGACTCCG TGAAGGGCCG GTTCACCATC TCCAGAGACA ATTCCAAGAA CACGCTGTAT 
CTGCAAATGA ACAGCCTGAG AGCCGAGGAC ACGGCCGTAT ATTACTGTGC GAAAGGCGGT 
GCAGTCTACT GGGGCCAGGG AACCCTGGTC ACCGTCTCCT 

SEQ.ID.NO: 15: ANTI-REPRESSOR ELEMENT 40 (ACCESSION NUMBER 
AY190756) 

GATCAAGAAA GCACTCCGGG CTCCAGAAGG AGCCTTCCAG GCCAGCTTTG AGCATAAGCT 
GCTGATGAGC AGTGAGTGTC TTGAGTAGTG TTCAGGGCAG CATGTTACCA TTCATGCTTG 
ACTTCTAGCC AGTGTGACGA GAGGCTGGAG TCAGGTCTCT AGAGAGTTGA GCAGCTCCAG 
CCTTAGATCT CCCAGTCTTA TGCGGTGTGC CCATTCGCTT TGTGTCTGCA GTCCCCTGGC 
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CACACCCAGT AACAGTTCTG GGATCTATGG GAGTAGCTTC CTTAGTGAGC TTTCCCTTCA 
AATACTTTGC AACCAGGTAG AGAAGTTTGG AGTGAAGGTT TTGTTCTTCG TTTCTTCACA 
ATATGGATAT GCATCTTCTT TTGAAAATGT TAAAGTAAAT TACCTCTCTT TTCAGATACT 
GTCTTCATGC GAACTTGGTA TCCTGTTTCC ATCCCAGCCT TCTATAACCC AGTAACATCT 
5 TTTTTGAAAC CAGTGGGTGA GAAAGACACC TGGTCAGGAA CGCGGACCAC AGGACAACTC 
AGGCTCACCC ACGGCATCAG ACTAAAGGCA AACAAGGACT CTGTATAAAG TACCGGTGGC 
ATGTGTATTA GTGGAGATGC AGCCTGTGCT CTGCAGACAG GGAGTCACAC AGACACTTTT 
CTATAATTTC TTAAGTGCTT TGAATGTTCA AGTAGAAAGT CTAACATTAA ATTTGATTGA 
ACAATTGTAT ATTCATGGAA TATTTTGGAA CGGAATACCA AAAAATGGCA ATAGTGGTTC 

10 TTTCTGGATG GAAGACAAAC TTTTCTTCTT TAAAATAAAT TTTATTTTAT ATATTTGAGG 
TTGACCACAT GACCTTAAGG ATACATATAG ACAGTAAACT GGTTACTACA GTGAAGCAAA 
TTAACATATC TACCATCGTA CATAGTTACA TTTTTTTGTG TGACAGGAAC AGCTAAAATC 
TACGTATTTA ACAAAACTCC TAAAGACAAT ACATTTTTAT TAACTATAGC CCTCATGATG 

^ TACATTAGAT C 

SEQ.ID.NO: 16: PACl-ECORI INSERT CONTAINING VLCL IN P2FAB-HER2 

TTAATTAAAA TTCTATTTCA AGGAGACAGT CATAATGAAA AAATTATTAT TCGCAATTCC 
TTTAGTTGTT CCTTTCTATT CTCACAGTGC AGATATCCAG ATGACCCAGT CCCCGAGCTC 

20 CCTGTCCGCC TCTGTGGGCG ATAGGGTCAC TATCACCTGC CGTGCCAGTC AGGATGTGAG 
TACTGCTGTA GCCTGGTATC AACAGAAACC AGGAAAAGCT CCGAAACTAC TGATTTACTC 
GGCATCCTTC CTCTAATCTG GAGTCCCTTC TCGCTTCTCT GGATCCAGAT CTGGGACGGA 
TTTCACTCTG ACCATCAGCA GTCTGCAGCC GGAAGACTTC GCAACTTATT ACTGTCAGCA 
ATTCTATACT ACTCCTCCCA CGTTCGGACA GGGTACCAAG GTGGAGATCA AACGTGGAAC 

25 TGTGGCTGCA CCATCTGTCT TCATCTTCCC GCCATCTGAT GAGCAGTTGA AATCTGGAAC 
TGCCTCTGTT GTGTGCCTGC TGAATAACTT CTATCCCAGA GAGGCCAAAG TACAGTGGAA 
GGTGGATAAC GCCCTCCAAT CGGGTAACTC CCAGGAGAGT GTCACAGAGC AGGACAGCAA 
GGACAGCACC TACAGCCTCA GCAGCACCCT GACGCTGAGC AAAGCAGACT ACGAGAAACA 
CAAAGTCTAC GCCTGCGAAG TCACCCATCA GGGCCTGAGT TCACCGGTGA CAAAGAGCTT 

30 CAACAGGGGA GAGTGTTAAT AAGAATTC 

SEQ.ID.NO: 17: HlNDlII-NOTl INSERT CONTAINING TWO VHCH1 IN P2FAB- 
HER2 

35 AAGCTTTGGA GCCTTTTTTT TGGAGATTTT CAACATGAAA TACCTATTGC CTACGGCAGC 
CGCTGGATTG TTATTACTCG CGGCCCAGCC GGCCATGGCC GAGGTTCAGC TGGTGGAGTC 
TGGCGGTGGC CTGGTGCAGC CAGGGGGCTC ACTCCGTTTG TCCTGTGCAG CTTCTGGCTT 
CAACATTAAA GACACCTATA TACACTGGGT GCGTCAGGCC CCGGGTAAGG GCCTGGAATG 
GGTTGCAAGG ATTTATCCTA CGAATGGTTA TACTAGATAT GCCGATAGCG TCAAGGGCCG 

40 TTTCACTATA AGCGCAGACA CATCCAAAAA CACAGCCTAC CTGCAGATGA ACAGCCTGCG 
TGCTGAGGAC ACTGCCGTCT ATTATTGTTC TAGATGGGGA GGGGACGGCT TCTATGCTAT 
GGACGTGTGG GGTCAAGGAA CCCTGGTCAC CGTCTCAAGC GCCTCCACCA AGGGCCCATC 
GGTCTTCCCC CTGGCACCCT CCTCCAAGAG CACCTCTGGG GGCACAGCGG CCCTGGGCTG 
CCTGGTCAAG GACTACTTCC CCGAACCGGT GACGGTGTCG TGGAACTCAG GCGCCCTGAC 

45 CAGCGGCGTC CACACCTTCC CGGCTGTCCT ACAGTCCTCA GGACTCTACT CCCTCAGCAG 
CGTAGTGACC GTGCCCTCCA GCAGCTTGGG CACCCAGACC TACATCTGCA ACGTGAATCA 
CAAGCCCAGC AACACCAAGG TGGACAAGAA AGTTGAGCCC AAATCTTGTG CGGCAGCAGA 
ACAAAAACTC ATCTCAGAAG AGGATCTGAA TGACGCCGCA CACCATCATC ATCACCATTA 
ATAAGGCGCG CCAATTCTAT TTCAAGGAGA CAGTCATAAT GAAAAAATTA TTATTCGCAA 

50 TTCCTTTAGT TGTTCCTTTC TATTCTCACA GTGCAGAGGT TCAGCTGGTG GAGTCTGGCG 
GTGGCCTGGT GCAGCCAGGG GGCTCACTCC GTTTGTCCTG TGCAGCTTCT GGCTTCACCT 
TCACAGACTA TACCATGGAC TGGGTGCGTC AGGCCCCGGG TAAGGGCCTG GAATGGGTTG 
CAGACGTGAA CCCAAACTCT GGGGGCTCTA TCTACAACCA GCGCTTCAAG GGTCGTTTCA 
CTCTGAGCGT AGACAGATCC AAAAACACAC TGTACCTGCA GATGAACAGC CTGCGTGCTG 

55 AGGACACTGC CGTCTATTAT TGTGCTAGAA ACCTGGGACC CTCTTTCTAC TTCGATTACT 

GGGGTCAAGG AACCCTGGTC ACCGTCTCAA GCGCCTCCAC CAAGGGCCCA TCGGTCTTCC 

CCCTGGCACC CTCCTCCAAG AGCACCTCTG GGGGCACAGC GGCCCTGGGC TGCCTGGTCA 

AGGACTACTT CCCCGAACCG GTGACGGTGT CGTGGAACTC AGGCGCCCTG ACCAGCGGCG 

TCCACACCTT CCCGGCTGTC CTACAGTCCT CAGGACTCTA CTCCCTCAGC AGCGTAGTGA 
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CCGTGCCCTC CAGCAGCTTG GGCACCCAGA CCTACATCTG CAACGTGAAT CACAAGCCCA 

GCAACACCAA GGTGGACAAG AAAGTTGAGC CCAAATCTTG TGCGGCCGC 



5 
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Claims 

1, A method for producing a composition comprising at least two 

different proteinaceous molecules comprising paired variable regions, said at 
5 least two proteinaceous molecules having different binding specificities, 
comprising contacting at least three different variable regions under 
conditions allowing for pairing of variable regions and harvesting essentially 
all proteinaceous molecules having binding specificities resulting from said 
pairing. 

10 2. A method according to claim 1, whereby said contacting takes place 

inside a cell. 

3. A method according to claim 1 or 2, whereby at least one of said 

variable regions is produced by expression of a nucleic acid sequence encoding 
said variable region. 
15 4. A method according to claim 3, whereby all variable regions are 

produced by one or more nucleic acid sequences encoding these variable 
regions. 

5. A method according to anyone of the afore going claims, whereby at 
least one variable region is capable of functionally pairing with more than one 

20 other variable region. 

6. A method according to claim 5, wherein said at least one variable 
region capable of functionally pairing with more than one other variable region 
upon pairing does not significantly contribute to the resulting binding 
specificity of the resulting proteinaceous molecule. 

25 7. A method according to any one of claims 1-4, wherein each variable 

region can only pair with one other variable region. 

8. A method according to any one of the foregoing claims for producing 

a composition comprising at least three different binding specificities. 
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9. A method according to claim 8 wherein at least two variable regions 
are part of one single chain Fv. 

10. A method according to any one of the afore going claims, whereby at 
least two different variable regions are expressed from one or more nucleic 

5 acids encoding these variable regions, whereby expression of said different 
variable regions is under the direction of different control elements. 

11. A method according to claim 10, wherein said different control leads 
to differential expression. 

12. A method according to claim 11, wherein said differential 
10 expression is different in levels of expression and/or time of expression. 

13. A method according to any one of the afore going claims wherein 
said variable regions are derived from heavy chains and/or light chains of 
immunoglobulins. 

14. A method according to any one of claims 1-13, wherein said 
15 proteinaceous molecules are antibodies, fragments and/or derivatives of 

antibodies. 

15. An expression system for carrying out a method according to any one 
of the foregoing claims, comprising nucleic acids encoding variable regions 
together with all elements required for gene expression and pairing. 

20 16. An expression system according to claim 15 which is a recombinant 

cell. 

17. An expression system according to claim 16 which is a eukaryotic 
cell. 

18. A collection of expression systems according to any one of claims 15- 
25 17 comprising a variety of combinations of different specificities. 

19. A method for selecting combinations of proteinaceous molecules 
having specific affinity for at least one target epitope, comprising contacting a 
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collection according to claim 18 with said target epitope and selecting 
combinations showing said specific affinity. 

20. A method for selecting combinations of proteinaceous molecules 
having specific affinity for at least two target epitopes, comprising contacting a 

5 collection according to claim 18 with said two target epitopes and selecting 
combinations showing said specific affinity. 

21. A method according to claim 20, wherein said two target epitopes 
are associated with one disease or disorder. 

22. A method according to claim 21, further comprising subjecting a 
10 selected combination of proteinaceous molecules to a biological assay 

indicative of an effect of the combination on the disease and/or disorder. 

23. A composition obtainable by a method according to any one of claims 
1-14 or 19-22. 

24. A composition according to claim 23, comprising at least three 
15 different paired variable regions, having different binding specificities. 

25. A composition according to any of claims 23-24, wherein said 
variable regions are derived from immunoglobulin light chains and/or 
immunoglobulin heavy chains. 

26. A composition according to any one of claims 23-25, wherein said 
20 proteinaceous molecules are antibodies. 

27. A composition according to claim 26, wherein said antibodies are 
directed to at least two target antigens and/or two target epitopes. 

28. A composition according to claim 27 wherein the target epitopes are 
associated with one disease or disorder. 

25 29. A composition according to claim 27 or 28, wherein one target 

antigen is derived from a Rabies virion or is the glycoprotein or the 
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ribonucleoprotein of a Rabies virion, or wherein at least one target epitope is 
present on a Rabies virion. 

30. A composition according to any one of claims 23-29, wherein 

antigenic parts of said proteinaceous molecules originate from one species. 

5 31. A composition according to any one of claims 23-30, wherein 

antigenic parts of said proteinaceous molecules are derived from human, 
humanized or deimmunised antibodies. 

32. A composition according to any one of claims 23-31, which is a 

pharmaceutical composition. 

10 33. A composition according to any one of claims 23-32 for use as a 
pharmaceutical. 

34. A composition according to any one of claims 23-33 comprising at 

least one monospecific antibody and at least one bispecific antibody produced 
in one cell for use as a pharmaceutical. 

15 35. A composition according to any one of claims 23-34 comprising at 
least two monospecific antibodies produced in one cell for use as a 
pharmaceutical. 

36. A method for producing nucleic acids encoding variable regions for 
use in a method according to any one of claims 1-14 or 19-22 comprising 

20 synthesizing nucleic acids encoding variable regions, expressing said nucleic 
acids and allowing the expression products to pair and selecting nucleic acids 
encoding variable regions having desired pairing behaviour. 

37. A method for producing nucleic acids encoding variable regions for 
use in a method according to any one of claims 1-14 or 19-22 comprising 

25 altering existing nucleic acids encoding variable regions, expressing said 

nucleic acids and allowing the expression products to pair and selecting nucleic 
acids encoding variable regions having desired pairing behaviour. 
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38. A method for producing nucleic acids encoding variable regions for 

use in a method according to any one of claims 1-14 or 19-22, comprising a 
combination of a method according to claim 36 with a method according to 
claim 37. 

5 39. A method according to any one of claims 36-38 wherein said variable 

regions comprise at least one element of variable regions of heavy and light 
chains of antibodies. 

40. A method according to claim 39, whereby nucleic acids are produced 
which encode variable regions having at least one element from both heavy 

10 chain variable regions and light chain variable regions. 

41. A method according to claim 36-40, wherein said element comprises 
at least one complementarity determining region (CDR). 

42. A method according to any one of claims 36-41, wherein a nucleic 
acid is selected encoding a variable region capable of pairing with more than 

15 one different variable region. 

43. A method according to any one of claims 36-41, wherein a nucleic 
acid is selected encoding a variable region capable of exclusive pairing with 
one other variable region. 
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The scope of claims 1-43 1s very broad whereas the application provides 
support within the meaning of Article 6 PCT and disclosure within the 
meaning of Article 5 PCT for only a very limited number of such obtained 
composition. In the present case, the claims so lack support, and the 
application so lacks disclosure, that a meaningful search over the whole 
of the claimed scope is impossible. Independent of the above reasoning, 
the claims also lack clarity (Article 6 PCT). An attempt is made to 
define the method and composition obtained by the method by reference to 
a result to be achieved. Again, this lack of clarity in the present case 
1s such as to render a meaningful search over the whole of the claimed 
scope impossible. 

Consequently, the search has been carried out for those parts of the 
claims which appear to be clear, supported and disclosed, namely those 
parts relating to compositions of Fab antibodies binding to rabies virus 
or to VEGF and to general method for preparing Fab antibodies in phage 
display libraries. 

The applicant's attention is drawn to the fact that claims relating to 
inventions 1n respect of which no International search report has been 
established need not be the subject of an international preliminary 
examination (Rule 66.1(e) PCT). The applicant 1s advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regional phase 
before the EPO, the applicant 1s reminded that a search may be carried 
out during examination before the EPO (see EPO Guideline C-VI, 8.5), 
should the problems which led to the Article 17(2) declaration be 
overcome. 
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